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ABSTRACT
Susceptibility in soybean to red crown ro t was investigated and 
virulence in Calonectria crotalariae was characterized. The following areas 
w ere exam ined: (i) variability  and stability  in v irulence am ong C. 
crotalariae isolates, (ii) disease reaction in soybean cultivars in a greenhouse 
inoculation technique, (iii) disease developm ent on hosts of different 
ages at time of inoculation, (iv) cultural characteristics and presence of 
dsRNA in  isolates, and (v) the involvem ent of a toxin(s) in the C. 
crotalariae I  soybean system.
A wide range in virulence of isolates of C. crotalariae was observed, 
and soybean isolates w ere more virulent on soybean than w ere peanut 
isolates. Virulence of the fungus was stable. Evidence for physiologic 
specialization was not recognized in  this system , bu t possible host 
specialization was observed. A range of responses among cultivars to a 
highly v iru len t isolate w as detected using a greenhouse inoculation 
technique. This technique was rapid, efficient, provided consistent results 
between greenhouse and  field tests, and  identified the least susceptible 
cultivars. Quadratic and linear relationships were described between plant 
age and lesion length or perithecia production in older plants (10-40 days 
old) and seedlings (4-10 days old), respectively. Differences in lesion length 
and perithecia production that were observed on seedlings were similar to 
relative levels of susceptibility in cultivars in greenhouse and field tests.
Variability in disease severity, production of m icrosclerotia and 
perithecia, and mycelial grow th was observed in isolates of C. crotalariae. 
However, isolates d id  not contain detectable levels of dsRNA. Disease
severity correlated positively w ith production of both microsclerotia and 
perithecia. Isolates of C. crotalariae from soybean dem onstrated greater 
virulence and production of microsclerotia and perithecia than did  isolates 
from peanut. A trifoliate assay w ith half-strength culture filtrates detected 
toxic metabolites produced by C. crotalariae. At least one of these toxic 
metabolites was heat stable. The cultivar least susceptible to red crown rot 
also showed the least sensitivity to culture filtrates. The toxic metabolites 
are secondary determ inants of virulence and play a role in sym ptom  
development. Results suggest that toxic metabolites of C. crotalariae may be 
involved in red crown rot of soybean.
CHAPTER I 
INTRODUCTION / LITERATURE REVIEW
1
2
SOYBEAN PRODUCTION AND DISEASE LOSS
Soybean (Glycine max (L.) Merr.) is an im portant crop in the United 
States. Production during 1987-1988 was approximately 104 million metric 
tons (1.52), which represented 51% of world production. From 1988-93, 
states in the southeastern region of the U.S. produced an average of 12.9 
million metric tons per year. Soybean production in Louisiana averaged 
0.91 million metric tons during that time (1.53,1.54,1.61). Diseases of soybean 
cause major yield losses in the southern region. Yield losses averaged 12% 
and were valued $382 million per year in 1988-1993 (1.53,1.54,1.61). In 
Louisiana, yield losses due to diseases averaged 16% and were at $37 million 
during that same time (1.53,1.54,1.61).
RED CROWN ROT
Red crown rot is one of the major fungal diseases on soybean in 
Louisiana (1.8). Red crown rot is caused by the soilborne fungus Calonectria 
crotalariae  (Loos) Bell and Sobers (im perfect stage: C ylindrocladium  
crotalariae (Loos) Bell and Sobers) (1.4). The disease is also known as 
C ylindrocladium  root rot, black root rot, and  Calonectria root rot 
(1.4,1.6,1.32,1.44,1.48). The fungus first was observed on peanut (Arachis 
hypogaea) causing black root rot in 1965 in Georgia (1.4), and subsequently 
has been reported to be pathogenic on koa (Acacia koa) in 1972 (1.1), soybean 
(G. m ax) in 1973 (1.48), papaya (Carica papaya) in 1973 (1.37), blueberry 
(Vaccinium corymbosum ) in 1974 (1.33), leea (Leea coccinea) in 1981 (1.27), 
alfalfa (Medicago sativa) in 1982 (1.38), indigo (Indigofera tinctoria) in 1988
(1.10), and palm (Howeia forsterana) in 1992 (1.59). This disease first was
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described on soybean in the United States in 1973 (1.48). The first report of 
red crown rot on soybean in Louisiana was from St. John the Baptist Parish 
in 1976 (1.5), and was reported from 17 parishes along the Mississippi river 
by 1988 (1.10). Yield losses on a susceptible cultivar were predicted to be 50% 
at 100% red crown rot incidence in Louisiana (1.10). Actual field incidence 
of the disease usually is 20-30% on susceptible cultivars (1.7), which should 
result in 10-15% yield loss. In 1989, Roy et al. (1.51) reported the disease 
on soybean in Mississippi and estimated yield loss at 25-30% in affected 
fields.
THE FUNGUS AND SYMPTOMS
C. crotalariae belongs to the order Hypocreales, class Ascomycetes, 
and produces conidia that are cylindrical, straight, hyaline, and 1-3 septate 
(mostly 3), as well as perithecia with ascospores that are hyaline, fusoid, and 
1-3 septate (1.4). The role of conidia and ascospores in the disease cycle is not 
known. Recently, Crous et al. (1.14) reported that sporulation, growth, and 
vesicle form ation in Cylindrocladium  species was decreased in m edia of 
low osmotic potentials, which suggests that these fungi m ay not survive 
and grow in dry  climates. Linderm an (1.30) reported the im portance of 
relative hum idity for discharge of ascospores from perithecia on azalea 
leaves, and observed greater discharge of ascospores at lower (<93%) than at 
higher (100%) relative humidities. Rowe and Beute (1.46) also recognized 
that decreases in relative hum idity induced discharge of ascospores from 
perithecia of C. crotalariae. Germination rate of conidia (80-89%) is greater 
than that of ascospores (60-79%) in soil (1.22).
4
M icrosclerotia are the overw intering structures of C. crotalariae 
(1.29,1-44) and can survive several years in soil or host debris (1.49). They 
are formed in the cortex of infected peanut roots 56-84 days after inoculation 
(1.24) and are spread in soil by m ovem ent of root fragments (1.49,1.50). 
M oisture content (3-9%, w /w ) or tem perature regimes (20-35 C) in soil did 
not affect the survival of microsclerotia of the fungus (1.42). However, 
microsclerotia populations were reduced greatly by low temperatures (<5 C) 
(1.43). In addition, the production of microsclerotia in Cylindrocladium  
species is affected by low (12 C) and high (32 C) tem perature and C /N  ratio 
(1.21). H w ang and Ko (1.23) reported  that num bers of C. crotalariae 
microsclerotia in soil were much higher than those of conidia or ascospores 
after 8  months and that only microsclerotia were able to infect papaya after 
that time. These m icrosclerotia are prim ary inocula to infect hosts in 
spring.
W hen Bell and Sobers first observed sym ptom s caused by C. 
crotalariae on peanut, they described them (1.4) as follows:
W ilted plants w ith chlorotic leaves were found in small, w idely 
scattered spots in some fields and covered areas of several acres in other 
fields. Examination of affected plants revealed extensive damage to the root 
system, necrosis of the pegs, and blackened lesions on the pods. Numerous 
red to orange perithecia were discovered on some of the stems, and after 
examination were identified as belonging to the genus Calonectria....
This description of the disease symptoms and distribution on peanut is very 
similar to that seen on soybean. Symptoms of red crown rot usually appear 
during  late grow th stages (R3 -R 4 ) (1.17) and include leaf chlorosis and 
interveinal necrosis, defoliation, and wilting. Roots are discolored and
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stem s can show  reddish  discoloration alone or in conjunction w ith 
reddish-orange perithecia (1.4,1.6,1.21,1.48). The latter are very striking in 
appearance and are a diagnostic sign of the fungus.
RESISTANCE AND VARIABILITY
Chemical control of red crown rot using soil fumigation is not cost 
effective on soybean (1.10,1.32), but recent results showed that the herbicide 
glyphosate can reduce levels of red crown rot in some field trials (1.9). In 
addition, cultural control such as crop rotation with non-legume crops may 
not be very effective to control red crown rot (1.8,1.32) because of persistence 
of high populations of microsclerotia in soil (1.43). In a host range study, 
Rowe and Beute (1.45) reported that tobacco and cotton were good hosts but 
corn, wheat, and rye were poor hosts for C. crotalariae. However, Sobers and 
Littrell (1.56) found that C. crotalariae infected leaves of barley, oats, rye, and 
w heat in artificial inoculations, and they suggested that C. crotalariae may 
infect these small grains naturally. However, these results have not been 
dem onstrated under field conditions. Therefore, combined use of several 
measures such as limited use of soil fumigation, crop rotation with non­
host crops in certain areas, and cultivation of resistant cultivars may 
provide effective disease control.
Reaction to C. crotalariae in peanut (1.2,1.13,1.40,1.62) and soybean
(1.5,1.7,1.8,1.10) has been evaluated in field tests. However, screening for 
resistance in the crops has proven difficult because of the inconsistent 
distribution of the pathogen in m ost fields and irregular appearance of 
symptoms in late growth stages (R3 -R4 ). Therefore, disease screening for
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resistance in soybean under controlled conditions is needed, bu t little 
inform ation is available on disease reactions under these conditions 
(1.40).
Knowledge of the existence of physiological races in a pathogen is 
also im portan t for screening disease resistan t cultivars. Races in C. 
crotalariae have been hypothesized (1.11,1.18,1.47) based on variability in 
disease severity (1.47), prevalence of the pathogen 's sexual stage (1.4), 
multinucleate mycelia (1.25), and hyphal anastomosis (1.11). Since Bell and 
Sobers (1.4) suggested the possibility of physiological specialization, there 
have been some attempts to find races in this fungus (1.12,1.18,1.47). Rowe 
and Beute (1.47) reported no evidence of detectable physiological races in 
eight isolates of C. crotalariae tested on six peanut cultivars. However, other 
researchers (1.12,1.13,1.18) have suggested race developm ent in the C. 
crotalariae-peanut system. Hadley et al. (1.18) found that virulence specific 
for a resistant peanut cultivar 'NC 3033' increased greatly due to selection 
p ressu re  by the resis tan t cultivar in g reenhouse tests. This was 
dem onstrated further by Black and Beute (1.11) in field tests. However, no 
evidence for host specialization on soybean has been reported.
PLANT AGE OR GROWTH STAGE AT TIME OF INOCULATION
Plant age or growth stage at time of inoculation may be im portant in 
screening for disease resistance. In the stem canker and soybean system, for 
example, disease severity and yield loss were greater w hen soybean was 
inoculated at early compared to later growth stages (1.39,1.55). However, 
Bell (1.3) tested effects of peanut age at time of inoculation on severity of
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Cylindrocladium black rot and reported that disease severity was greater on 
older plants (50-90 days old), but the pathogen continuously infected and 
damaged peanut plants during all growth stages. Berner et al. (1.10) reported 
that delays in planting susceptible cultivar 'Bedford' over several weeks 
reduced red crown rot incidence approximately 50%. The results from field 
studies have shown that incidence of red crown rot was reduced when 
soybean planting was delayed several weeks (1 .1 0 ).
TOXIN AND dsRNA
A toxin  is a poisonous m etabolic p roduct of a pathogenic 
m icroorganism  w hich m ay play som e role in sym ptom  expression 
(1.57,1.63,1.64). Phytotoxins also may possess some unusual and intriguing 
chemical and biological properties. Some of them have high host specificity 
and affect only specific plants and cultivars (1.26,1.36,1.41), whereas others 
have no specificity (1.34). In the host, phytotoxins interact w ith a specific 
target site, and this ultim ately m ay lead to symptom  production in the 
plants. These phytotoxins have no common structure and belong to 
various classes such as pep tides, terpenoids, glycosides, phenolics, 
polysaccharides, or a combination of these classes (1.20,1.31). In unpublished 
s tu d ie s , C. crotalariae was not isolated from leaf tissue that exhibited 
sym ptom s of red crown ro t (G.T. Berggren, J.P. Snow and D.K. Berner, 
personal communication), w hich suggests the possible involvem ent of a 
toxic, fungal metabolite in development of this disease.
M ycoviruses have been found in over 100 species of fungi, more 
than 40 of which are p lant pathogens and contain viruses or virus-like
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particles that have double-stranded RNA (dsRNA) (1.15,1.19,1-35). The 
presence of dsRNA has been correlated w ith production of toxin and 
pathogenicity a n d /o r  virulence in some fungi (1.16,1.28,1.58,1.60). DsRNA is 
usually present in the cytoplasm of the fungus and can provide a valuable 
tool for genetic studies and for comparing strains of fungi from different 
geographic regions (1.20).
Therefore, the following objectives are examined in this dissertation: 
1) to identify variability in virulence among C. crotalariae isolates; 2) to test 
stability of virulence in these isolates; 3) to evaluate red crown rot disease 
reaction in soybean cultivars in a greenhouse using an inoculation 
technique and to compare with cultivar susceptibility in the field; 4) to 
evaluate disease developm ent on hosts of different ages at tim e of 
inoculation; 5) to examine mycelial growth, production of microsclerotia 
and perithecia, and dsRNA in C. crotalariae isolates in order to detect 
morphological and genetic markers for comparison with levels of virulence 
in these isolates; and 6) to investigate the involvement of a toxin(s) in red 
crown rot of soybean and to determine the role of this toxin(s) in virulence 
of the fungal pathogen.
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CHAPTER II
VARIABILITY OF VIRULENCE IN CALONECTRIA 
CROTALARIAE, CAUSAL AGENT FOR 




The soilborne fungus Calonectria crotalariae (Loos) Bell and Sobers 
(anam orph: Cylindrocladium crotalariae (Loos) Bell and Sobers) (2.2) causes 
red crown rot (2.3,2.4,2.5,2.6,2.7) on soybean (Glycine max (L.) Merr). Since 
its description on peanut (Arachis hypogaea) in 1966 (2.2), C. crotalariae has 
been reported as pathogenic on koa (Acacia koa) in 1972 (2.1) soybean (G. 
m a x)  in 1973 (2.22), papaya (Carica papaya) in 1973 (2.17), blueberry 
(Vaccinium corymbosum) in 1974 (2.16), leea (Leea coccinea) in 1981 (2.15), 
alfalfa (Medicago sativa) in 1982 (2.18), indigo (Indigofera tinctoria) in 1988 
(2.7), and palm  (Hovoeia forsterana) in 1992 (2.25). In a host range study, 
tobacco and cotton were good hosts but corn, wheat, and rye were poor hosts 
for C. crotalariae (2.20). Nevertheless, the pathogen infected leaves of barley, 
oats, rye, and wheat in artificial inoculations, and it has been suggested that 
these small grains can be infected naturally (2.24). However, these results 
have not been dem onstrated under field conditions.
Use of resistan t cultivars and  delayed p lanting  currently  are 
recommended measures for managing red crown rot in Louisiana (2.4,2.6); 
however, delayed planting sometimes results in yield reduction. Planting 
resistant cultivars is more desirable. Choices are lim ited due to a lack of 
identified resistan t germ plasm s. W hether physiologic races exist in a 
pathogen  population  is im portan t inform ation for breeding disease 
resistant cultivars because developing resistant genotypes may depend on 
physiologic or host specialization. For example, soybean cultivar Tracy M' 
is resistant to Mississippi isolates of Diaporthe phaseolorum var. caulivora  
but very susceptible to an isolate from Iowa (2.12).
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Nishijima and Aragaki (2.17) observed that an isolate of C. crotalariae 
from papaya caused severe collar rot disease on three commercial papaya 
varieties but not on variety 'Kapoho Solo', which was susceptible to this 
pathogen. This may indicate that physiologic specialization of C. crotalariae 
on papaya already occurred although they d id  not account for this 
specialization in the system . H owever, the existence of races in C. 
crotalariae has been proposed in several reports (2 .8 ,2 .1 1 ,2 .2 1 ), prim arily 
because of variability in disease severity (2 .2 2 ), prevalence of the sexual 
stage (2.2), m ultinucleate mycelia (2.13), and hyphal anastom osis (2.8) 
know n to occur in this fungus. Since Bell and Sobers (2.2) suggested the 
possibility of physiologic specialization in C. crotalariae, there have been 
several attempts to identify races (2.9,2.11,2,21) but clear evidence has not 
been obtained. Pathogenic variability of this fungus on soybean has not 
been evaluated. It is im portant to identify pathogenic variability in the C. 
crotalariae-soybean system  so that breeding efforts can be conducted 
appropriately. The objectives of this study were: 1) to identify variability in 
virulence am ong C. crotalariae isolates, and 2) to test the stability of 
virulence in these isolates. An abstract of this work has been published 
(2.14).
MATERIALS AND METHODS 
V ariability in  virulence among C. crotalariae  isolates. Twenty-five 
isolates of C. crotalariae from different hosts and geographic origins were 
tested for variability of virulence in the laboratory (Table 2.1). Soybean
17
Table 2.1. Origin, host, and collection information for isolates of Calonectria 





Date P rovider/ 
collected collector
BH1 Louisiana Soybean 1991 l a
BH2 Louisiana Soybean 1991 1
BSD Louisiana Soybean . . .b
SG911 Louisiana Soybean 1991 1
SG912 Louisiana Soybean 1991 1
SG913 Louisiana Soybean 1991 1
SG914 Louisiana Soybean 1991 1
SG915 Louisiana Soybean 1991 1
SG916 Louisiana Soybean 1991 1
SG917 Louisiana Soybean 1991 1
SGD Louisiana Soybean • . . 2
323 N orth Carolina Peanut • • ♦ 3
417 N orth  Carolina Peanut 3
447 N orth Carolina Peanut 3
48 N orth Carolina Peanut • • • 3
1PN N orth Carolina Peanut 1986 3
2PN N orth Carolina Peanut 1986 3
3PN N orth Carolina Peanut 1986 3
4PN N orth Carolina Peanut 1986 3
C31 N orth Carolina Peanut 1973 3
J1 N orth  Carolina Peanut 1985 3
J2 N orth Carolina Peanut 1985 3
J3 N orth Carolina Peanut 1985 3
S38 N orth  Carolina Peanut ♦ • • 3
S44 N orth Carolina Peanut 3
al= A uthor; 2=D. K. Berner, Louisiana State U niversity, Baton Rouge, 




isolates were obtained from ascospores produced by perithecia on diseased 
stems or from microsclerotia in soil. For isolations from soil, microsclerotia 
were extracted by passing through nested sieves with pore sizes of 250 pm 
and 45 pm. Microsclerotia on the 45 pm sieve were collected, plated on the 
semiselective m edium  described by Phipps et al. (2.19), and incubated 4-7 
days at room tem perature (ca. 25 C) under continuous fluorescent light to 
prom ote production of conidia. Isolation of single conidia produced by 
these cultures was conducted on 2% water agar. The isolates were preserved 
at 4 C on rehydrated potato dextrose agar (PDA, Difco Laboratories, Detroit, 
MI) and transferred every 2 months.
Soybean cultivars 'A sgrow  7986', 'Braxton', 'C ajun', 'Centennial', 
'Forrest', and 'H artz 7126' were tested for reaction to C. crotalariae. For 
laboratory inoculations, soybean plants were grow n in a greenhouse in 
72-cell (5x5x7 cm) plastic trays (67x35x7 cm) filled with a commercial potting 
m ixture (Peat-lite mix, Conrad Fafard Inc., Springfield, M assachusetts) 
for 10 days. For greenhouse inoculations, plants were grow n in 22-cm- 
diameter plastic pots filled a mixture of methyl bromide-treated loamy soil 
(80% sand, 5% silt, 15% clay), peat moss, and perlite (3:2:1, v /v /v )  for 10 
days.
In laboratory inoculations, 10-day-old seedlings were removed from 
the plastic trays, washed with tap water to remove soil, then placed on wet 
p ap er tow els. Seedlings w ere inoculated in the crow n region w ith 
m ycelium  of C. crotalariae in PDA discs (5 mm in diam eter) cut from 
m argins of actively grow ing cultures (10 days old). Inoculated seedlings 
were kept in a dark chamber (90x70x190 cm) at ca. 25 C for 9 days. Control
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plants w ere inoculated w ith  PDA discs (5 m m  in diam eter) w ithout 
mycelium and incubated as described. Disease severity in laboratory tests 
was evaluated 9 days after inoculation based on a 0-5 scale as follows: 0 = no 
visible symptoms; 1  = reddish  necrotic stem lesions < 1 0  mm in length; 
2 = stem  lesions 10-40 mm; 3 = stem lesions extending up to cotyledon 
(40-50 mm), and slight leaf yellowing; 4 = stem lesions >40 mm with water- 
soaking of stem above cotyledon, loss of cotyledons, severe leaf yellowing; 
and  5 = seedlings dead. This experim ent was conducted twice in a 
completely random ized design with five and six replicates, respectively. 
Statistical analysis was conducted using SAS (2.23). Analysis of variance 
was done using PROC GLM procedure and means were separated using 
LSD.
Stability  in  virulence among C. crotalariae isolates. Laboratory and 
greenhouse tests were conducted using two virulent (SG915 and 2PN) and 
two less virulent (BH1 and 48) isolates which were selected based on results 
from laboratory inoculations (Tables 2.2 and 2.3). Eleven soybean cultivars, 
including the six cultivars listed previously in add ition  to 'Bedford', 
'D eltapine 726', 'H artz 6200', 'R iverside 677', and 'R iverside 699', were 
utilized in this study. The num ber of cultivars was increased to allow 
examination of virulence in these isolates across a range of cultivars.
In the laboratory test, procedures for production of plants and 
inoculum , fungal inoculation, and disease evaluation w ere as described 
above. In a greenhouse test, soil was removed gently from a small ( lx l cm) 
area near the crown of the plants. Discs (10 mm in diameter) of mycelium
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in PDA from 10-day-old cultures of the fungus were placed in direct contact 
w ith crowns of plants at the soil-line, then covered w ith soil. Control 
plants were treated w ith PDA discs w ithout mycelium. Inoculated plants 
were watered carefully to prevent dislodging inoculum  discs from stems. 
Lesion length was m easured directly on diseased stems as the extent of 
necrotic lesion above the soil line 35 days after inoculation. The experiment 
was conducted in a completely randomized design w ith 1 0  and 1 2  replicates 
in laboratory and greenhouse tests, respectively. Statistical analyses were 
conducted using SAS (2.23). Analysis of variance was done using PROC 
GLM procedure and means were separated using LSD.
RESULTS
V ariability  in  virulence am ong C. crotalariae  isolates. S ignificant 
interactions between test and treatment variables were observed; therefore, 
tests were analyzed separately. A wide range in virulence for C. crotalariae 
isolates was observed in both laboratory tests (Tables 2.2 and 2.3). All 
soybean isolates were pathogenic on soybean in laboratory inoculations 
although some (i.e., BSD, BH1, and SGD) consistently w ere less virulent 
than others (Tables 2.2 and 2.3). Significant cultivar x isolate interactions 
(P<0.0001) were detected in both tests. Isolates w ith less virulence were 
pathogenic on some but not all cultivars (Tables 2.2 and 2.3). Virulence of 
isolates was not affected greatly by cultivar; severity of disease produced by 
isolates was relatively consistent regardless of virulence level.
Soybean isolates were more virulent on soybean than were peanut 
isolates (Fig. 2.1). However, several peanut isolates such as 1PN and 2PN
21
Table 2.2. Severity of diseases caused by isolates of Calonectria crotalariae on
six soybean cultivars in laboratory test 1
Isolate Cultivar M ean LSDnns
Asgrow Braxton 
7986




SG917 3.7b 2.7 4.6 2.5 3.8 2 . 8 3.5 1.4
SG914 3.3 3.7 4.2 4.0 3.0 2.5 3.5 1.4
SG913 4.0 3.3 4.0 2.5 3.0 1.3 3.0 1.7
BH2 2 . 0 3.7 3.4 2.7 3.5 2.3 3.0 1.3
SG916 3.0 2.7 4.0 2.5 2 . 8 2.3 3.0 N S '
SG915 2.5 2.7 3.8 4.0 2.3 2.5 3.0 1.3
4PN 3.5 3.3 3.4 1 . 0 3.0 2 . 0 2.7 1.3
1PN 2 . 0 4.0 3.4 1.7 2 . 0 1 . 0 2.4 1.4
SG911 2 . 0 2.7 2 . 6 2.7 2 . 8 1.5 2.4 N S
2PN 2 . 0 3.0 3.2 1.7 3.0 0.3 2 . 2 2 . 1
48 2 . 0 1.7 2.4 3.0 2.3 1 . 0 2 . 0 N S
SG912 4.5 0.3 3.4 2 . 0 0.3 1 . 0 1.9 2 . 0
323 2 . 2 1.3 2 . 2 2 . 0 1 . 2 1 . 8 1 . 8 N S
J3 1.5 3.3 1 . 0 3.0 1 . 8 0.5 1.7 1.5
BH1 1.3 1.3 1.4 0.7 1 . 8 1 . 0 1.3 N S
447 2 . 2 1 . 0 1 . 0 0 1.4 0 . 8 1.3 2 . 1
3PN 0.5 3.0 2 . 2 0.3 0.3 0.3 1 . 1 1.3
BSD 1.7 0 1 . 2 0.7 1 . 8 0.5 1 . 0 NS
S38 0.7 1 . 0 0 1 . 0 0.3 0 0.4 0 . 8
SGD 0 0 0 0 1.5 0 0.3 0.9
C31 0 0.3 0 . 2 0 0.7 0.5 0.3 N S
J2 0 0.3 0.4 0 0.4 0 0 . 2 N Sn 0.3 0 0 . 2 1 . 0 0 0 0 . 2 N S
S44 0 1 . 0 0 0 0 0 0 . 1 N S
417 0 0 0 0 0 0 0 NS
M ean 1.7 2 . 0 2 . 1 1.5 1 . 6 1 . 0 0.3
LSDq.05 2 . 0 1.7 1 . 1 2 . 0 1 . 0 1 . 2 0.5
aDisease severity was rated using a scale of 0 (no visible symptoms) to 5 
(dead plants) 9 days after inoculation of 10-day-old plants. 
bValues are means of five replicates.
CNS indicates no significant difference across soybean cultivars.
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Table 2.3. Severity of diseases caused by isolates of Calonectria crotalariae o n
six soybean cultivars in laboratory test 2
Isolate Cultivar M ean LSDnn^
Asgrow Braxton 
7986




SG915 4.0b 4.2 3.7 3.4 3.0 3.5 3.6 1 . 1
BH2 3.4 3.2 3.5 4.0 3.3 3.5 3.5 N SC
SG914 3.6 4.0 3.7 3.0 3.2 3.3 3.5 0 . 8
SG917 4.2 3.6 3.3 2 . 8 2 . 8 3.7 3.4 0 . 8
SG916 4.0 3.2 3.5 2 . 8 3.0 3.5 3.3 0 . 8
2PN 4.0 2 . 6 3.8 2 . 6 2.5 3.5 3.2 1 . 0
SG911 2 . 0 3.8 2 . 8 3.6 3.2 2.7 3.0 1.7
SG912 2 . 8 3.2 2.5 2 . 6 3.5 3.3 3.0 N S
SG913 3.4 2 . 8 3.0 3.0 2.3 3.3 3.0 1 . 0
1PN 2 . 8 2 . 2 2 . 2 3.0 2 . 2 3.3 2 . 6 N S
J3 2 . 0 2.5 3.3 2 . 0 1 . 6 1 . 8 2 . 1 1 . 2
SGD 3.0 2 . 8 2.5 1 . 0 1 . 0 1.3 1.9 1.4
48 2 . 0 1.7 2.7 1.3 1 . 6 2 . 0 1.9 N S
447 2 . 0 2.3 1 . 0 1.3 1.5 1 . 8 1.7 N S
4PN 3.0 1 . 6 1.5 0 . 8 0.5 0 1 . 2 1 . 1
C31 2 . 0 1.5 0 0.3 0 . 8 0 . 2 0.9 1 . 2
BH1 1 . 2 0.4 1.5 0.4 0.5 0.7 0 . 8 N S
323 2 . 0 1 . 0 0 0 0 . 8 0 . 8 0 . 8 1 . 2
417 0 0 0 0.3 0 . 8 0 0 . 2 N S
3PN 0.4 0 0 0.4 0.3 0 0 . 2 N S
BSD 0 0.4 0 0 0.3 0 0 . 1 N S
S38 0.4 0 0 0 0 . 2 0 0 . 1 N S
J1 0 . 2 0 0 0 0 0 0 N S
J2 0 ' 0 0 0 0 0 0 N S
S44 0 0 0 0 0 0 0 N S
M ean 2 . 2 2 . 0 2 . 0 1.7 1 . 6 1 . 8 0 . 2
LSDq.05 1 . 0 1 . 2 1 . 1 1 . 1 1 . 0 0 . 8 0.4
aDisease severity was rated using a scale of 0 (no visible symptoms) to 5 
(dead plants) 9 days after inoculation of 10-day-old plants. 
bValues are means of six replicates.
















Test 1 Test 2
Fig. 2 .1 . Severity of disease caused by soybean and peanut isolates of 
Calonectria crotalariae on six soybean cultivars in laboratory tests. 
Disease severity was rated using a scale of 0 (no visible symptoms) to 5 
(dead plants) 9 days after inoculation of 10-day-old plants. Bars indicate 
standard  errors of the means. W ithin tests, an asterisk indicates a 
significant difference (P<0.05).
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exhibited virulence on soybean that was comparable to that of most soybean 
isolates (Tables 2.2. and 2.3).
S tab ility  in  virulence am ong C. cro ta lariae  isolates. Severity of 
disease caused by SG915, a virulent isolate from soybean, was comparable to 
that caused by 2PN, a virulent isolate from peanut, on all soybean cultivars 
tested in the laboratory (Table 2.4). Severity of disease caused by less 
v iru len t BH1 and 48 from soybean and peanut, respectively, also was 
similar (Table 2.4). Significant cultivar x isolate interactions (P<0.0001) were 
observed. Disease induced by SG915 and 48 was most severe on 'Deltapine 
726' whereas that by 2PN and BH1 was greatest on 'Bedford'. No difference 
in virulence between soybean and peanut isolates was observed, however 
virulent isolates SG915 and 2PN produced greater disease on soybean than 
did less virulent isolates BH1 and 48 (Fig. 2.2).
Results from the greenhouse test were similar to those obtained in 
laboratory inoculations. Virulent isolates SG915 and 2PN induced longer 
lesions than did less virulent isolates BH1 and 48 (Table 2.4). A wide range 
of susceptibility of soybean cultivars was observed. 'Cajun' and 'Braxton' 
w ere the least susceptible in the greenhouse as well as the laboratory test 
(Table 2.4). A significant cultivar x isolate interaction (P<0.0001) was 
detected. Disease induced by SG915 and 48 was m ost severe on 'Bedford' 
w hereas that by  BH1 and 2PN was m ost severe on 'C entennial' and 
'Riverside 677', respectively. Relative levels of virulence among isolates of 
C. crotalariae w ere similar to those observed in the laboratory test. No 
difference in virulence between soybean and peanut isolates was detected
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Table 2.4. Severity of diseases and stem lesion length^ (mm) caused by two
soybean and two peanut isolates of Calonectria crotalariae on 11 soybean




SG915 BH1 2PN 48
M ean LSDo.os
Laboratory test
Deltapine 726 4.7c 1.4 4.7 2 . 1 3.2 0 . 6
Hartz 6200 4.6 1 . 6 4.3 1.9 3.1 0.7
Bedford 4.4 1 . 8 4.8 1.3 3.1 0 . 8
C entennial 4.2 1 . 6 4.7 1.4 3.0 0.7
Hartz 7126 4.4 0.7 4.8 1.7 2.9 0.5
Forrest 4.3 1.3 4.7 1 . 2 2.9 0 . 6
Riverside 699 4.2 1 . 2 3.9 1 . 2 2 . 6 0 . 6
Asgrow 7986 3.6 1 . 2 4.0 1.5 2 . 6 0.7
Riverside 677 4.1 1 . 2 3.3 1.4 2.5 0.7
Cajun 3.1 1 . 1 2 . 8 1 . 2 2 . 1 0 . 8
Braxton 2.9 0.9 2 . 6 0.9 1 . 8 0.9
M ean 4.0 1.3 4.1 1.4 0 . 2
LSDo.os 0 . 8 0.7 0 . 6 0 . 6 0.3
Greenhouse test
Bedford 2 0 .1 d 13.9 17.1 16.3 16.7 4.4
Riverside 699 19.5 13.0 16.8 12.7 15.5 3.9
Riverside 677 16.2 12.4 2 0 . 0 1 1 . 0 14.9 3.3
Centennial 14.3 17.1 15.0 1 2 . 8 14.7 2 . 8
Hartz 7126 17.5 15.9 16.9 7.8 14.5 2 . 0
Hartz 6200 1 2 . 1 12.3 16.3 15.3 14.0 N Se
Deltapine 726 16.8 12.4 1 1 . 0 11.5 13.2 3.7
Forrest 1 2 . 1 6 . 6 10.5 1 0 . 8 1 0 . 0 2.9
Asgrow 7986 8.3 7.8 1 2 . 0 9.6 9.6 2 . 8
Braxton 9.5 7.9 6 . 8 9.2 8 . 6 N S
Cajun 7.8 7.8 1 0 . 8 5.5 8 . 0 2.3
M ean 13.8 1 1 . 6 14.3 1 1 . 2 1 . 0
LSDaos 3.4 3.3 4.2 3.0 1.7
aDisease severity was rated using a scale of 0 (no visible symptoms) to 5 
(dead plants) 9 days after inoculation of 10-day-old plants. 
bLesion length was determined 35 days after inoculation of 10-day-old 
plants.
cValues of disease severity are means of 1 0  replicates.
dValues of lesion length are means of 1 2  replicates.
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Soybean Peanut High Low
Isolate
Fig. 2.2. Severity of disease (laboratory test) and lesion length (greenhouse 
test) caused by isolates of Calonectria crotalariae on 11 soybean cultivars. 
(A) isolates from soybean (BH1 and SG915) and peanut (48 and 2 PN), (B) 
isolates w ith high (SG915 and 2PN) and low (BH1 and 48) levels of 
virulence. Disease severity was rated using a scale of 0 (no visible 
symptoms) to 5 (dead plants) 9 days after inoculation of 10-day-old plants 
in the laboratory test. Lesion length was determ ined 35 days after 
inoculation of 10-day-old plants in the greenhouse test. Bars indicate 
standard errors of the means. W ithin each graph, an asterisk indicates a 
significant difference (P<0.05).
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bu t virulent isolates produced m ore disease on soybean than did  less 
virulent isolates, as seen in the laboratory test (Fig. 2.2).
DISCUSSION
There have been several a ttem pts  to iden tify  physio logic  
specialization, i.e., races, in C. crotalariae (2.9,2.11,2.21). Rowe and Beute 
(2.21) reported a wide range of virulence in isolates of C. crotalariae but 
found no relationship between virulence and grow th rate in culture or 
geographic isolates of the fungus. These authors suggested physiologic races 
w ithin C. crotalariae still m ay exist at undetectable levels in fields and 
pointed out that the absence of resistant cultivars probably has provided no 
selection pressure for these races to become predom inant. However, later 
reports (2.9,2.11) suggested that race developm ent had occurred in this 
fungus. H adley et al. (2.11) found that virulence specific for a resistant 
peanut cultivar increased greatly due to continual cropping of this cultivar.
On soybean, changes in relative rankings am ong cultivars w ith 
regard to red crown rot reaction have been reported in field trials (2.5). 
From these changes, the possible existence of races w ithin this fungus on 
soybean has been im plied (2.5). Results from the present study do not 
support this hypothesis. A wide range in virulence among C. crotalariae 
isolates from soybean was found; similar results were reported by Rowe and 
Beute (2.21) for peanut isolates. However, the tested cultivars did not show 
differential responses to individual isolates in laboratory and greenhouse 
tests, suggesting no evidence for physiologic specialization in this fungus 
on soybean. Moreover, current results show that virulence in C. crotalariae
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is stable across a range of cultivars. Isolates from soybean and peanut that 
exhibited high and low levels of virulence m aintained their virulence 
w hen inoculated to cultivars that ranged from more to less susceptible to 
red crown rot.
Shifts in relative rankings am ong soybean cultivars reported by 
Berner (2.5) may be explained by several other factors, including differences 
in levels of virulence in fungal isolates, levels of the fungus inoculum  in 
soil, and uneven distribution of the fungus within the field, all of which 
may contribute to disease escape. Because soybean cultivars resistant to red 
crown rot are not available, it may be prem ature to speculate about race 
development in this system. Instead, results from the present study suggest 
some degree of adaptation within isolates of C. crotalariae to their original 
hosts. Using a large num ber of isolates from both soybean and peanut, 
virulence on soybean of isolates from soybean was significantly higher than 
that for isolates from  peanut. In our prelim inary tests (2.14), soybean 
isolates produced more perithecia in culture than did peanut isolates, and 
perithecia production was correlated positively w ith virulence. Increased 
virulence and perithecia production (2.14) have been considered to be a sign 
of host specialization  by researchers. A sim ilar phenom enon was 
docum ented by Cloud and Rupe (2.10) w ho observed that isolates of 
Macrophomina phaseolina from soybean, causal agent of charcoal rot on 
num erous hosts, colonized soybean roots to a greater extent than did 
isolates from sorghum . Thus they suggest that host specialization was 
detected only in soybean isolates (2 .1 0 ).
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H ow ever, studies from  peanut have yielded inconsistent results. 
R ow e et al. (2 .2 2 ) inoculated isolates of C. crotalariae from soybean and 
peanut to both hosts and found that they were virulent on both. However, 
these authors used only three isolates and did  not com pare relative 
virulence among these isolates to detect adaptation to original hosts. Later, 
Hadley et al. (2.11) compared virulence between isolates from the resistant 
peanut cultivar 'NC 3033' and susceptible host species including peanut. 
W hen these isolates were inoculated on both resistant cultivar 'NC 3033' 
and susceptible cultivar 'Florigiant', mean virulence between isolates from 
the resistant cultivar and from susceptible hosts was not different. After one 
cropping cycle, however, isolates from the resistant cultivar 'NC 3033' 
showed increased virulence specific to the resistant cultivar whereas this 
was not detected when isolates from the susceptible hosts were inoculated 
to the susceptible 'Florigiant'. Therefore, they suggested that host adaptation 
occurred in this fungus and that this should be considered in developing 
cultivars resistant to C. crotalariae because resistance of a cultivar or its lines 
may be no longer effective against new isolates with adapted virulence.
Evidence of physiologic specialization was not recognized in this C. 
crotalariae-soybean system, which may result from no selection pressure by 
cultivars resistant to red crown rot. In a recent review paper, W ynne et al. 
(2.26) stated that polygenic, additive genes are involved in resistance of 
peanut against soilborne fungal pathogens; therefore, appearance of races in 
the soilborne fungi on peanut may not be possible. This also may explain 
w hy physiologic specialization was not detected in our C. crotalariae- 
soybean system. However, greater ability in soybean than peanut isolates to
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induce disease on soybean suggests that host specialization on soybean may 
occur in C. crotalariae. Therefore, efforts to develop cultivars resistant to red 
crown ro t w ould be preferable to utilize only v iru len t isolates from 
soybean. Further research needs to focus on detection of genes resistant to 
this fungal pathogen and changes of virulence in this fungus in nature after 
in troduction  of resistan t cultivars, w hich m ay lead to physiologic 
specialization.
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CHAPTER III
EVALUATING SUSCEPTIBILITY IN SOYBEAN TO CALONECTRIA 




Red crown rot of soybean (Glycine max (L.) Merr.) is caused by the 
soilborne fungus Calonectria crotalariae (Loos) Bell and Sobers (anamorph: 
Cylindrocladium crotalariae (Loos) Bell and Sobers) (3.3). The disease also is 
known as Cylindrocladium root rot, black root rot, and Calonectria root rot
(3.3.3.6.3.16.3.24). Since its description on peanut (Arachis hypogaea) in 1966 
(3.3), C. crotalariae has been reported as pathogenic on soybean (G. max)
(3.24), koa (Acacia koa) (3.1), papaya {Carica papaya) (3.18), blueberry 
(V a cc in ium  corym bosum ) (3.17), leea (Leea coccinea) (3.14), alfalfa 
(Medicago sativa) (3.19), indigo (Indigofera tinctoria) (3.9), and  palm  
(Howeia forsterana) (3.29).
Symptoms of red crown rot on soybean include chlorosis, yellowing, 
interveinal necrosis, wilting, and defoliation as well as stem necrosis and 
root decay. Reddish-orange perithecia, a distinctly diagnostic sign of the 
disease, normally develop on the stem (3.3,3.6,3.16,3.24) at late growth stages 
(R3 -R4 ) (3.11). Microsclerotia (3.15,3.22) are prim ary inocula to infect host 
plants in spring. In the United States, the disease on soybean first was 
reported in North Carolina in 1973 (3.24) and in St. John the Baptist Parish, 
Louisiana in 1976 (3.5), and it is one of the major fungal diseases of soybean 
in the state (3.9). Recently, Roy et al. (3.26) reported the disease on soybean 
in Mississippi and estimated 25-30% yield loss in affected fields.
Soil fumigation (3.25) for control of red crown rot is not cost effective 
(3.9,3.16). Cultural controls such as crop rotation w ith non-legume crops 
also may not be very effective to control this disease (3.8,3.16). Crop rotation 
sometimes reduces microsclerotia populations in soil b u t not to levels
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necessary for acceptable disease reduction (3.21). Therefore, host resistance 
appears the most practical approach to control of this disease. Resistance to 
C. crotalariae in both peanut (3.2,3.10,3.20,3.30), and soybean (3.5,3.7,3.8,3.9) 
has been evaluated. However, screening in soybean for resistance has been 
difficult because of the uneven distribution of the disease in most fields, the 
irregular appearance of symptoms, and the fact that diseased plants can be 
difficult to detect because symptom atic leaves are shed quickly (3.8,3.9). 
Little progress has been m ade tow ard evaluating disease reaction under 
controlled conditions as well (3.20). The need for a rapid , simple, and 
effective technique to evaluate resistance of soybean genotypes to this 
disease is obvious. The objective of this study was to evaluate red crown rot 
disease reaction in soybean cultivars using a greenhouse inoculation 
technique and to compare these reactions to results from the field. Portions 
of this work have been published (3.12,3.13).
MATERIALS AND METHODS 
G reenhouse tests. In test 1, eleven soybean cultivars (Table 3.1) were 
grow n in 2 2 -cm -diam eter plastic pots containing a m ixture of m ethyl 
brom ide-treated soil (80% sand, 5% silt, 15% clay), peat moss, and perlite 
(3:2:1, v /v /v )  in the greenhouse. Three seeds w ere planted in each pot. 
Based on prelim inary laboratory tests, the m ost v iru lent isolate of C. 
crotalariae (SG915) was selected for this experiment. Soil was removed 
gently from a small ( lx l cm) area near the crown of each plant. One disc (10 
mm diameter) of mycelium in potato dextrose agar (PDA) from a 10-day-old 
culture of the fungus was placed in direct contact w ith the crown at the
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soil-line, then covered w ith soil. Control plants received PDA discs w ithout 
mycelium. The plants were watered daily with care for 3-5 days to prevent 
dislodging inoculum discs from crowns. Disease severity and lesion length 
on stems were evaluated at repeated intervals for 33 days after inoculation. 
Lesion length was m easured directly on diseased stems as the extent of the 
necrotic lesion above the soil line. Disease severity based on a 0-5 scale was 
recorded as follows: 0 =no visible symptoms; l=sm all necrotic lesions ( < 1 0  
mm) on stems, no leaf symptoms; 2 =stem lesions 1 0 - 2 0  mm, a n d /o r  slight 
yellowing on m argins of leaves; 3=stem lesions 10-20 mm, and leaves 
showing m oderate yellowing and wilting; 4=stem lesions >20 mm an d /o r 
desiccation of upper stems, extensive yellowing and wilting of all leaves, 
low er leaves dropped; 5=stem completely necrotic and desiccated, entire 
p lan t w ilted and collapsed. Areas under the disease progress curves 
(AUDPC) for disease severity and lesion length w ere calculated. This 
experim ent was established in a completely random  design w ith nine 
replicates per treatment.
Greenhouse test 2  examined the response of these same 11 cultivars 
to isolates of C. crotalariae w ith different levels of virulence. These were 
SG915 (soybean), 1PN (peanut), and  48 (peanut) iso lates w hich 
dem onstrated high, moderate, and low levels of virulence, respectively, in 
p re lim inary  inoculation  tests. P rocedures for p lan t and  inoculum  
production, and fungal inoculation were as described for test 1. Following 
inoculation, plants were incubated under plastic covers on a greenhouse 
bench. A cool-mist hum idifier was placed on the bench for 36 hours after 
inoculation to increase relative hum idity , how ever tem perature and
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relative hum idity were not monitored. Examination of results from test 1 
indicated that the disease severity rating scale (0-5) was m ore consistent 
than stem lesion length for estim ating disease progress; therefore, only 
disease severity data were recorded in test 2. Disease severity was evaluated 
over 46 days following inoculation. AUDPC based on disease severity was 
calculated for 13 observations m ade during that time. This experim ent 
was established in a completely random  design w ith 1 2  replicates per 
treatm ent.
Field test. Soybean cultivars were evaluated for resistance to red 
crown rot in a field at the Ben H ur Research Farm, Baton Rouge, LA, 1993 
that had a history of the disease. Eighteen soybean cultivars in maturity 
groups IV-VII w ere used (Table 3.4), including eight cultivars tested in 
greenhouse tests 1 and 2. Three of the cultivars, 'H artz 6200', 'H artz 7126', 
and 'R iverside 677' no longer w ere available commercially at time of 
planting. Soybean cultivars were planted on May, 7, 1993 on a row spacing 
of 76 cm. Plots were 12.2 meters long by two rows wide and were arranged 
in a random ized complete block w ith five replications. Red crown rot was 
evaluated on all plants in each plot on August 10,17, 27, and September 10. 
Disease evaluations were initiated when symptoms appeared on the earliest 
m aturity  cultivars. Incidence of red crown ro t was determ ined as the 
percentage of plants in plots showing disease symptoms. AUDPC based on 
disease incidence also was determ ined for four observations. The disease 
incidence in each row of 2 -row plots was m apped for visual patterns of 
disease distribution. Final stand in each plot was estim ated by counting
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num bers of plants in six 1-meter-long sections of each plot. Plots were 
harvested at maturity and yields were adjusted to 13% moisture.
Analysis of data. Statistical analyses were conducted using SAS (3.27), 
and  analysis of variance w as done using PROC GLM procedure. 
Relationships among dependent variables were investigated using PROC 
CORR. AUDPC was determined using the formula described by Shaner and 
Finney (3.28) in which:
AUDPC = 2>= i (Xj+i + XO (U +1 - ti) /2 , 
where X; = disease severity or lesion length at the z’th 
observation,
ti = time (days) at the z'th observation, and 
n = total number of observations
Analysis of rank correlation was done using Spearman's method (3.4) 
between field and greenhouse results.
RESULTS
Greenhouse tests. A range of responses was detected among the 1 1  
soybean cultivars inoculated with virulent isolate SG915 of C. crotalariae in 
greenhouse test 1 (Table 3.1). Relative rankings of cultivars were similar 
using either lesion length or disease rating to m easure severity. Cultivars 
w ith the greatest AUDPC for disease severity (i.e., Bedford, Deltapine 726, 
H artz 6200, and Hartz 7126) also had the greatest AUDPC for lesion length.
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Table 3.1. Disease severity®, stem lesion length and areas under the
disease progress curves (A U D P C )c  on 11 soybean cultivars inoculated with 
isolate SG915 of Calonectria crotalariae in greenhouse test 1
Cultivar Disease severity Lesion leneth
Mean AUDPC Mean AUDPC
Bedford 4.3d 95.6 30.6 629
Deltapine 726 4.1 91.1 23.4 488
H artz 6200 3.9 81.7 2 2 . 8 509
Hartz 7126 3.6 81.7 25.7 509
Riverside 699 3.7 78.6 23.4 419
C entennial 3.3 78.2 2 1 . 1 478
Riverside 677 3.4 6 8 . 6 19.0 389
Forrest 2.7 62.9 17.3 411
Braxton 3.1 61.4 24.4 364
Asgrow 7986 3.4 61.0 2 2 . 2 407
Cajun 2 . 8 55.8 2 0 . 6 365
LSD0.05 1.5 36.7 8.4 181
aDisease severity was rated on a 0-5 scale in which 0=no visible symptoms 
and 5=dead plants 33 days after inoculation of 10-day-old plants. 
bLesion length was measured directly on diseased stems as the extent of the 
necrotic lesion above the soil line 33 days after inoculation of 10-day-old 
plants.
cAUDPC's for disease severity and lesion length were calculated for six and 
five observations, respectively, after inoculation of 1 0 -day-old plants, 
dValues are means of nine replicates.
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Similarly, three of the four cultivars w ith low est AUDPC for disease 
severity (i.e., Cajun, Braxton, and Asgrow 7986) also had the lowest AUDPC 
for lesion length (Table 3.1).
Correlation analyses showed that AUDPC for disease severity and 
lesion leng th  on the tested  cultivars w ere significantly  correlated 
th ro u g h o u t the d u ra tion  of the test (r=0.614, P<0.0001) (Table 3.2). 
Indiv idual m easurem ents of disease severity or lesion length showed 
greatest correlation w ith their respective AUDPC values at 15-21 days 
following inoculation. This suggests that single measurements at this time 
should be representative of results obtained using AUDPC. Correlation 
coefficients for individual lesion length m easurem ents w ith AUDPC for 
lesion length generally were lower than those for disease severity, which 
suggests that disease severity is the better param eter to measure. Disease 
progress curves show  increases over tim e that w ere sim ilar on m ost 
cultivars bu t relative rankings among cultivars sometimes changed at time 
of observation (Fig. 3.1). Because of this, AUDPC enabled m ore effective 
comparison of susceptibility among cultivars.
Ranges in responses of the cultivars following inoculation w ith 
isolates SG915, 1PN, and 48 of C. crotalariae in greenhouse test 2 were seen 
(Table 3.3). Relative rankings of cultivars following inoculation w ith 
virulent isolate SG915 w ere very similar between tests 1 and 2. Cultivars 
with the greatest AUDPC (i.e., Riverside 699, Hartz 7126, and Riverside 677) 
also had greatest mean disease severity. Similarly, cultivars such as 'Asgrow 
7986', 'Braxton', and 'Cajun' exhibited the lowest AUDPC's as well as the 
lowest mean disease ratings.
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Table 3.2. Pearson correlation coefficients3  between disease severity (DS) and 
lesion length (LL) on 11 soybean cultivars in greenhouse test 1
DSib DS2c DS3d DS4 e DS5f DS6S AUDPCLLh
LLi 0.736 0.319 0.439 0.457 0.451 0.495 0.733
l l 2 0.586 0.383 0.483 0.468 0.437 0.436 0.861
l l 3 0.606 0.445 0.529 0.496 0.446 0.440 0.910
LL4 0.470 0.401 0.531 0.504 0.499 0.497 0.911
l l 6 0.346 0.439 0.528 0.540 0.542 0.580 0.835
AUDPCds 0.405 0.862 0.956 0.979 0.951 0.912 0.614
a All correlation coefficients were significant at the level of P<0.0001. 
bDSi or LLi = disease severity or lesion length was evaluated 5 days after 
inoculation.
cDS2  or LL.2  = disease severity or lesion length was evaluated 1 1  days after 
inoculation.
dDS3  or LL3  = disease severity or lesion length was evaluated 15 days after 
inoculation.
eDS4  or LL4  = disease severity or lesion length was evaluated 21 days after 
inoculation.
fDS5  = disease severity was evaluated 26 days after inoculation.
LL5 = not evaluated.
gDS6  or LL.6  = disease severity or lesion length was evaluated 33 days after 
inoculation.
^AUDPCll or AUDPCds = areas under the disease progress curves for five 


























Fig. 3.1. Disease progress curves for disease severity on selected soybean 
cultivars inoculated with virulent isolate SG915 of Calonectria crotalariae 
in greenhouse test 1. Values are means of nine replicates.
Table 3.3. Disease severity3 and areas under the progress curves (AUDPC)b by isolates of Calonectria 
crotalariae on 11 soybean cultivars 46 days after inoculation in greenhouse test 2
Cultivar Disease severitv AUDPC
SG915C 1PN 48 Mean LSD0.os SG915 1 PN 48 Mean LSD0 .05
Riverside 699 4.1d 2.4 1.9 2 . 8 0.9 148 80 60 96 35
Hartz 7126 3.5 1.5 1 . 8 2.3 1 . 0 117 42 70 76 34
Riverside 677 3.2 1.7 1 . 6 2 . 2 0.9 1 1 0 51 54 71 30
Braxton 1.4 2 . 6 3.1 2.4 0.9 31 80 1 0 2 71 30
Centennial 2 . 6 1.5 1 . 6 1.9 0.9 1 0 2 42 54 65 1 2
Bedford 2 . 1 2 . 0 1.5 1.9 N Se 62 6 6 51 59 NS
Deltapine 726 2 . 2 1 . 8 1 . 8 1.9 NS 70 49 55 58 N S
Cajun 1.5 2 . 2 1.5 1.7 NS 33 76 44 51 39
Hartz 6200 1.7 1 . 8 1 . 8 1 . 8 N S 38 60 55 51 2 1
Asgrow 7986 1.3 2 . 1 1 . 8 1 . 8 NS 26 63 55 48 24
Forrest 1 . 6 1 . 2 1.5 1.4 NS 39 37 45 40 NS
LSD0.05 1 . 0 0 . 8 0.7 0.5 33 24 19 15
aDisease severity was rated on a 0-5 scale in which 0=no visible symptoms and 5=dead plants 46 days 
after inoculation of 1 0 -day-old plants.
bAUDPC was determined based on disease severity for thirteen observations over 46 days following 
inoculation of 1 0 -day-old plants. 
cSG915=soybean isolate, 1PN and 48=peanut isolates. 
dValues are means of 12 replicates.
eNS indicates no significant difference across isolates of C. crotalariae.
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Significant differences betw een isolates were observed for mean 
disease severity on cultivars that were more susceptible to red crown rot but 
w ere not detected on less susceptible cultivars (Table 3.3). A generally 
similar pattern was seen for AUDPC. Relative virulence among the three 
isolates of C. crotalariae was consistent only in cultivars that were more 
susceptible to red crown rot. The exception to this was 'Braxton' in which 
the m ost virulent isolate caused lowest disease severity whereas the least 
v irulent isolate caused greatest disease severity. This response was not 
seen with other cultivars or w ith other tests that included 'Braxton' (Table 
2.4).
Disease progress on highly susceptible cultivar 'Riverside 699' and 
least susceptible 'Forrest' was strongly dependent upon the fungal isolate 
(Fig. 3.2). Differences in disease severity between these cultivars were 
greatest using highly virulent isolate SG915, m oderate using interm ediate 
isolate 1PN, and barely detectable using 48, the isolate w ith lowest 
virulence. Disease developm ent on the least susceptible cultivar 'Forrest' 
was the same regardless of isolate whereas that on the m ost susceptible 
cultivar 'R iverside 699' varied according to virulence of C. crotalariae 
isolates.
Field test. Red crown rot was evenly distributed throughout the field, 
which indicates that all cultivars were exposed to fungal inoculum  (Fig. 
3.3). Plants were considered diseased if they exhibited any of the following 
reactions, i.e., perithecia on stems only, leaf symptoms only, both perithecia 
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Fig. 3.2. Disease progress curves for disease severity on soybean 
cu ltivars 'Forrest' (least susceptible) and  'R iverside 699' (most 
susceptible) inoculated with isolates of Calonectria crotalariae with high 
(SG915), m oderate  (1PN), and  low (48) levels of virulence in 
greenhouse test 2. Values are means of 12 replicates.
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Fig. 3.3. D istribution of red  crown ro t disease caused by Calonectria 
crotalariae on 18 soybean cultivars in a field test at Ben H ur Research Farm, 
Baton Rouge, LA, 1993: (A) evaluation on A ugust 10, (B) evaluation on 
August 17, (C) evaluation on August 27, and (D) evaluation on September 
10. l= 'C en ten n ia l', 2= 'Forrest', 3= 'B raxton', 4= 'B edford ', 5= 'C ajun ', 
6 = 'R iverside 699', 7= 'Sharkey ', 8 = 'A sgrow  7986', 9= 'N K /R A  452', 
10='Deltapine 726', ll= 'H yperform er HSC 557', 12='Hyperformer HSC 741', 
13= 'H yperform er HSC B2J', 14='Terra Vig 5452', 15='A sgrow  6297', 
16='Pioneer 9791', 17='Davis', and 18='Pioneer 9641'. Blank : 0 - <10%, ++++ : 
10 - <20%,::::::: 20 - <30%, XXX: >30% of disease incidence.
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perithecia and leaf symptom s. A range in  disease susceptibility was 
observed for tested cultivars but none was completely resistant (Table 3.4). 
Incidence of red crown ro t increased w ith tim e on all tested cultivars 
(Figs. 3.3 and 3.4). Soybean cultivars 'Braxton', 'C ajun', and 'Forrest' 
supported  the low est disease incidence and AUDPC's am ong tested 
cultivars in the field (Table 3.4). These were among the lowest in previous 
greenhouse tests as well. Analysis of rank correlation among eight tested 
cultivars showed relationships between greenhouse and field tests (rs=0.619, 
P<0.15). However, this relationships became highly significant (rs=0.857, 
P<0.02) when the analysis excluded cultivar 'Asgrow 7986', which reacted to 
C. crotalariae in both greenhouse and  field in a m anner unlike that 
observed w ith other cultivars. 'H yperform er HSC B2J' and 'H yperform er 
HSC 741', previously untested, also w ere am ong the least susceptible 
cultivars in this test.
Disease progress curves showed increase in disease incidence over 
time and were greater for more susceptible cultivars than less susceptible, 
but the relative rankings am ong cultivars varied som ew hat over time 
(Fig. 3.4) as observed in greenhouse tests (Fig. 3.1). For example, 'Asgrow 
7986' showed low levels of disease during the early evaluation bu t high 
levels of disease at later evaluations. Most other cultivars supported a more 
consistent rate of disease developm ent (Fig. 3.4). Therefore, AUDPC 
probably would be more effective to evaluate susceptibility of cultivars than 
w ould m easurem ent of disease incidence at a single time of observation. 
Across all cultivars, however, evaluation of disease incidence on A ugust 27 
show ed the greatest correlation w ith AUDPC (r=0.979, P<0.0001). This
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Table 3.4. Incidence of red crown rot, areas under the disease progress curve 
(AUDPC), yields, and m aturity groups among 18 soybean cultivars, Ben Hur 
Research Farm, Baton Rouge, LA, 1993
Variety
a b e




Sharkey VI 26.8 454 2123
HPF HSC 557d V 21.6 410 2051
N K /RA  452 IV 18.9 393 1504
Pioneer 9641 VI 23.3 374 1636
Davis VI 20.3 272 1546
C entennial VI 16.6 269 2898
Asgrow 6297 VI 17.1 252 2215
Pioneer 9791 VII 17.6 235 2006
Asgrow 7986 VII 18.3 231 2231
Riverside 699 VI 14.3 225 1319
Terra Vig 5452 V 11.8 207 1986
Deltapine 726 VI 12.7 196 2235
Bedford V 11.5 179 2082
HPF HSC 741 VII 9.6 163 2430
HPF HSC B2J VI 9.5 134 1696
Braxton VII 6.6 82 1558
Cajun VI 4.6 56 1456
Forrest V 1.8 21 1697
LSD0.05 12.0 222 719
aMG = maturity group of soybean.
bMean percentage of plants w ith stem and leaf symptoms evaluated on 
September 10,1993.
cAUDPC was determ ined based disease incidence (% diseased plants) for 
four observations over 31 days.
dHPF HSC 557 = 'Hyperformer HSC 557', HPF HSC 741 = 'Hyperformer HSC 












Fig. 3.4. Disease progress curves for incidence of red crown rot disease 
caused by Calonectria crotalariae on selected soybean cultivars in a field 
test at Ben H ur Research Farm, Baton Rouge, LA, 1993. Values are 
means of five replicates.
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suggests that single evaluation at this time may be useful for most cultivars. 
Correlation analysis showed a loose negative relationship between AUDPC 
and yield (r=-0.19, P=*0.09). Analysis across m aturity groups showed no 
differences in developm ent of red crown rot and yield in groups V-VII 
(Table 3.5).
DISCUSSION
Efforts have been m ade to identify soybean cultivars resistant to C. 
crotalariae (3.5,3.7,3.8,3.9) in the field. However, there has been little 
consistency in results from cultivars tested at different locations in different 
years. This m ay be due to several factors. Uneven distribution of natural 
inocula in the test field m ay allow cultivars to escape disease and to be 
incorrectly identified as resistant. In addition, levels of virulence within the 
fungal population in a given field also were not identified. Results of the 
current research indicates that only isolates with a high level of virulence 
can reliably separate cultivars w ith  different levels of susceptibility. 
Inconsistent data  also m ay resu lt from  different m ethods of disease 
evaluation. For example, Berner et al. (3.9) evaluated disease incidence after 
plant m aturity and considered only plants supporting perithecia as diseased. 
This approach discounts the existence of other sym ptom  reactions on 
soybean. Also, developm ent of perithecia is dependent on m oisture 
conditions in the field (3.24) and thus the absence of perithecia at stem bases 
m ay not necessarily indicate a resistant host.
The greenhouse technique described herein, which involves direct 
placem ent of mycelium in PDA discs on seedling stems, was effective to
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Table 3.5. Incidence of red crown rot and areas under the disease progess 
curve (AUDPC), and yield for 18 soybean cultivars in m aturity groups V, VI, 
and VII, Ben H ur Research Farm, Baton Rouge, LA, 1993
M aturity group Disease incidence (%)a AUDPCb Yield (kg/ha)
V 11.7 204 1968
VI 16.1 248 1879
VII 13.0 178 2056
LSD0.05 NSC NS N S
aMean percentage of plants with stem and leaf symptoms evaluated on 
September 10, 1993.
bAUDPC was determ ined based on disease incidence for four observations 
over 31 days.
cNS indicates no significant difference among m aturity groups.
^Maturity group IV was not included for analysis.
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induce disease symptoms w ithin 3-5 days after inoculation and to allow 
evaluation of final disease reactions w ithin a few weeks. Previous reports 
described techniques th a t requ ired  m uch longer periods of tim e to 
determ ine response of plants to C. crotalariae. Rowe et al. (3.24) inoculated 
at the base of peanut plants w ith a mixture of microsclerotia and mycelial 
fragm ents in the greenhouse and observed visible sym ptom s on stems 
after several m onths. P h ipps et al. (3.23) added  m icrosclerotia of C. 
crotalariae to soil and observed disease developm ent in peanut 8 weeks 
after planting.
In the current study, disease severity and lesion length were effective 
for detecting susceptibility of soybean cultivars to C. crotalariae. However, 
evaluation of disease severity rather than lesion length is preferable for 
several reasons. Repeated studies using this inoculation technique have 
dem onstrated  that stem  lesions frequently  will not extend past the 
cotyledonary node. Rowe et al. (3.24) also observed symptom development 
lim ited to the lower 3 cm of stems. Furtherm ore, developm ent of leaf 
symptoms at times can be unrelated to severity of lesions on lower stems. 
This suggests that lower stem lesions may be superficial and that desiccation 
of upper stems a n d /o r  foliar sym ptom s, which could be caused by a 
translocatable fungal metabolite, are more reliable for m easuring cultivar 
susceptibility . W hen disease developm ent is delayed about 1 week 
follow ing inoculation or sym ptom  expression is m ild, p lan t grow th 
continues normally w ith little developm ent of typical foliar symptoms. In 
such cases, m easurem ent of lesion length on stems enables differentiation 
of cultivar susceptibility.
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O ur results highlight the im portance of selecting an isolate of C. 
crotalariae with a high level of virulence to screen for red crown rot disease 
reaction. Use of isolates w ith moderate or low virulence m ay reduce ability 
to detect cultivar differences. If one-time evaluations of disease severity are 
to be m ade, it is recom m ended that these be done 15-20 days after 
inoculation. Differences between m ost and least susceptible cultivars were 
greatest at that time. Because relative rankings of cultivars can change 
betw een evaluations, continuous m easurem ent of disease severity and 
determination of AUDPC is preferable to evaluation of disease severity at a 
single time. Such an approach w ould allow proper evaluation of cultivars 
such as 'Asgrow 7986', which produces red crown rot symptoms very late in 
the season and results show high mean disease severity bu t a low-moderate 
AUDPC.
N o difference in disease incidence was seen in the field test on 
cultivars in m aturity groups V, VI, and VII; group IV was not included in 
analysis because only a single cultivar was used in this study. Field results 
of Berner et al. (3.9) indicated that m aturity group VI cultivars were more 
susceptible to red  crown ro t than cultivars in the groups V and VII. 
Differences between present and previous studies may be accounted for by 
the fact that all cultivars in the present field study were planted at the same 
time regardless of m aturity group. Berner et al. (3.9) indicated that reduced 
disease incidence in m aturity group VII cultivars m ay be due to escape 
rather than genetic resistance. In the present study, planting all cultivars at 
the same time was designed to evaluate all genotypes under the same 
conditions and thus minimize the possibility of escape.
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The greenhouse screening technique described in  this report 
p rov ided  consistent results betw een greenhouse and  field tests and 
successfully identified the least susceptible soybean cultivars (i.e., Braxton, 
Cajun, and  Forrest) that perform ed best under field conditions. The 
technique is rapid and efficient, and it should allow screening of a large 
num ber of soybean cultivars in a relatively short period of time.
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CHAPTER IV
EFFECT OF PLANT AGE ON DEVELOPMENT OF 




The soilborne fungus Calonectria crotalariae (Loos) Bell and Sobers 
(im perfect stage: Cylindrocladium crotalariae (Loos) Bell and Sobers) (4.2) 
causes red crown rot on soybean (Glycine max (L.) Merr.) (43,4.4,4.5,4.6). In 
Louisiana, total yield loss per year to all diseases during 1988-1993 averaged 
about 16%, and was valued at $37 million (4.16,4.17,4.19). A lthough no 
specific statew ide figures for yield loss to red  crown ro t have been 
published, this disease is w idespread and im portant along the Mississippi 
River in Louisiana (4.4,4.6). Actual field incidence of the disease usually is 
20-30% on susceptible cultivars (4.4), which translated into 10-15% yield loss 
(4.6). In Mississippi, 25-30% yield loss by this disease has been reported 
(4.14).
Recommended control strategies for this disease in Louisiana include 
delayed planting and use of less susceptible cultivars (4.3,4.5). Delayed 
p lan ting  frequently is not an option because of w eather and other 
constraints. Planting less susceptible cultivars is more attractive, but limited 
inform ation exists on reactions of soybean cultivars to red  crown rot. 
Therefore, a greenhouse technique was developed to allow rapid, consistent 
screening of soybean cultivars to this disease (4.10). This technique involves 
inoculation of young seedlings (10 days old); how ever, no study has 
addressed the role of p lant age at time of inoculation on severity of red 
crown rot disease. Peanut plants that were young (14 days old) at time of 
inoculation had less severe disease by C. crotalariae than plants that were 
older (50-90 days old) (4.1). On soybean, reduced disease incidence following 
delayed planting (4.4,4.6) may result from plants that are younger and thus
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less susceptible to the disease at tim e of infection by C. crotalariae. 
Therefore, a series of greenhouse tests was conducted  to evaluate 
development of red crown rot disease on soybean plants of different ages at 
time of inoculation. An abstract of this work has been published (4.10).
MATERIALS AND METHODS
Study 1. Test 1 was conducted on soybean cultivars 'Braxton' and 
'Deltapine 726' which were shown in previous greenhouse studies to have 
low and m oderate susceptibility, respectively, to red crown rot. In the 
greenhouse, soybean seeds were planted in 22-cm-diameter plastic pots at 
10-day intervals so that plants were 10-, 20-, 30-, or 40-days old at time of 
inoculation. The pots contained a mixture of methyl bromide-treated sandy 
loam soil (80% sand, 5% silt, 15% clay), peat moss, and perlite (3:2:1, v /v /v ) . 
Virulent isolate SG915 of C. crotalariae (Tables 2.2 and 2.3) was used in all 
experiments. A disc of mycelium (10 mm in diameter) in potato dextrose 
agar (PDA) cut from the advancing margin of a culture (10 days old) was 
placed in contact w ith each stem base and covered carefully w ith soil. 
Control plants were inoculated with PDA discs w ithout fungus. Length of 
reddish  necrotic lesions was m easured above the soil line 52 days after 
inoculation. This experim ent was established as a completely random ized 
design w ith 20 replicates.
Plants were rem oved from soil, and lower stems and root system 
were washed immediately w ith water. A section of stem extending from the 
soil line to 1 cm above the upperm ost m argin of each lesion was excised 
and  incubated under continuous fluorescent light in a petri plate that
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contained moistened filter paper. Sections (5 cm) from noninoculated stems 
w ere excised and  incubated sim ilarly. Two weeks later, num bers of 
perithecia on three 2 x 10 m m  areas on each stem section were counted.
Test 2 was a duplicate of test 1 with the following changes. Soybean 
cultivar 'R iverside 699' w as added to represent a cultivar w ith high 
susceptibility to red crown rot. Lesion lengths were measured 35 days after 
inoculation.
Study 2. Soybean cultivars 'Braxton', 'Deltapine 726', and 'Riverside 
699' were planted in the greenhouse as described at two day intervals so that 
plants w ere 4, 6, 8, 10 days old at time of inoculation. Procedures for 
inoculation, lesion m easurem ent, perithecia counts, and experim ental 
design were as described for Study 1, except that production of perithecia 
was determ ined after 3 weeks. Lesion lengths on p lan t stem s were 
m easured 35 days after inoculation. This test was conducted twice w ith 16 
and 20 replicates, respectively. Statistical analysis was conducted using 
PROC GLM of SAS. Relationships betw een dependent variables were 
examined using PROC CORR (4.15).
RESULTS
Study 1. In test 1, both lesion length and perithecia production were 
influenced by p lant age at time of inoculation; no cultivar x plant age 
in teractions w ere detected (Table 4.1). Q uadratic  relationships w ere 
described between plant age at inoculation and lesion length or perithecia 
p roduction  (Fig. 4.1). Lesions w ere longest on plants 30 days old at
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Table 4.1. Lesion lengths and production of perithedab by SG915 isolate of 
Calonectria crotalariae on soybean cultivars (10-40 days old)
Factor Level Lesion length (mm) Perithecia/cm2
Test 1
C ultivar Deltapine 726 38.6 23.7
Braxton 36.3 29.6





Cultivar F=0.78 P=0.3794 F=2.51 P=0.1155
Plant age F=18.75 P<0.0001 F=3.68 P=0.0139
Cultivar x Plant age F=2.20 P=0.0906 F=0.74 P=0.5301
Test 2
C ultivar Riverside 699 30.4 43.5
Deltapine 726 33.2 37.6
Braxton 32.0 37.1





C ultivar F=2.46 P=0.0883 F=1.06 P=0.3495
Plant age F=55.30 P<0.0001 F=8.56 P<0.0001
Cultivar x Plant age F=3.80 P=0.0013 F=6.57 P<0.0001
aLesion length was measured 52 and 35 days after inoculation in tests 1 
and 2, respectively.





Braxton Y = -5.12 + 3.64X - 0.07X2 r2 = 0.26 
DP 726 Y = 15.78 + 1.63X - 0.02X2 r2 = 0.18
100
Braxton Y = 1.96 + 3.22X - 0.07X2 r2 = 0.08 
DP 726 Y = -15.65 + 3.63X - 0.07X2 r2 = 0.09
10 20 30 40
Test 2
Braxton
Y a 433 + 2.48X -0.04X2 r2 = 035
 A RVS699
Y = 1.44 + 2.48X - 0.04X2 r2 = 0.40
B Braxton Y=32.11+1.58X-0.04X2 r2=0.10 
DP 726 Y=-63.68+8.98X-0.16X2 ^=034
RVS 699 ^=40.76+0.42X-0.01X2 ^=0.003
 10
Plant age (days)
Fig. 4.1. Relationship between plant age and (A) lesion length and (B) production of perithecia by 
SG915 isolate of Calonectria crotalariae on soybean plants (10-40 days old). DP 726='Deltapine 726’ 
and RVS 699='Riverside 699'.
66
inoculation whereas perithecia production was greatest on plants 20-30 days 
old at time of inoculation (Fig. 4.1).
Significant cultivar x plant age interactions were detected for both 
lesion length and production of perithecia in test 2 (Table 4.1). Lesion 
lengths on all three cultivars were greatest following inoculation of plants 
20-30 days old (Fig. 4.1). Production of perithecia was greatest on 'Deltapine 
726' and 'Riverside 699' 20-30 days old at time of inoculation. However, 
perithecia production on 'Braxton' decreased on older plants (Fig. 4.1). 
Lesion length and perithecia production were not correlated in either 
test.
Study 2 . Significant interactions between cultivar and p lant age at 
time of inoculation (4, 6 , 8 , and 10 days old) were detected only for 
production of perithecia in both tests (Table 4.2). Linear relationships were 
described between plant age and both lesion length and production of 
perithecia in both tests (Table 4.2, Fig. 4.2). Little disease development was 
detected when plants were inoculated at 4 days old regardless of cultivar 
susceptibility. On 8 - or 10-day old plants, 'Braxton' supported shorter lesion 
lengths and  fewer perithecia (Fig. 4.2). Lesion length and perithecia 
production on cultivars w ere significantly correlated in test 1 (r=0.476, 
P<0.0001) and 2 (r=0.422, P<0.0001).
DISCUSSION
Differential responses of plants to pathogens that are based on host 
age have been reported  for several crops. Young peanut plants were
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Table 4.2. Lesion lengtha and production of peritheciab by SG915 isolate of 
Calonectria crotalariae on soybean cultivars (4-10 days old)




Deltapine 726 2 0 . 6 68.9
Braxton 19.0 64.2
Plant age 4 13.2 47.2
6 15.4 48.0
8 23.4 82.4
1 0 26.6 98.0
Source
Cultivar F=2.85 P=0.0603 F=1.22 P=0.2969
Plant age F=109.50 P<0.0001 F=33.54 P<0.0001




Deltapine 726 19.8 88.5
Braxton 18.8 71.7
Plant age 4 1 2 . 2 56.4
6 16.4 69.3
8 20.3 87.6
1 0 27.3 112.3
Source
C ultivar F=0.61 P=0.5432 F=4.85 P=0.0088
Plant age F=88.78 P<0.0001 F=29.75 P<0.0001
Cultivar x Plant age F=0.35 P=0.9086 F=2.50 P=0.0236
aLesion length was measured 35 days after inoculation. 















— Braxton Y = 4.62 + Z06X r2 = 0.61
— DP726 Y = 5.63 + 2.14X r2 = 0.53 
■ -  RVS 699 Y = -Z ll + 3.03X r2 = 0.70
Braxton Y = 2.13 + 238X r2 = 0.54
DP 726 Y = 2.00 + Z52X r2 = 0.59









Braxton y  = 26.19 + 5.45X r2 = 0.19 
DP 726 y  = i i J i  + 8Z3X r2 = 035 





Y = 24.97 + 6.66X r2 = 0.18
Y = 1237 + 10.56X ^  = 033
Y = 6.87 + 11.24X i2 = 035
Plant age (days)
Fig. 42. Relationship between plant age and (A) lesion length and (B) production of peritheda by 
SG915 isolate of Calonectria crotalariae on soybean plants (4-10 days old). DP 726='Deltapine 726' 
and RVS 699='Riverside 699’. ON03
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reported to be resistant to C. crotalariae but they developed severe disease 
when inoculated at ages of 50 days and older (4.1). Soybean plants in early 
vegetative stages (4.7) were less susceptible to brown stem rot caused by 
Phialophora gregata (4.13) bu t more susceptible to stem canker caused by 
Diaporthe phaseolorum var. caulivora  (4.12, 4.18). In the current study, 
soybean seedlings exhibited low susceptibility to C. crotalariae regardless of 
cultivar; the most susceptible cultivar was resistant when inoculated at 4-6 
days old. Reductions in disease severity on older soybean plants (40 days 
old) may indicate that late growth stages of soybean may be less susceptible 
to red crown rot.
Differences in disease severity and perithecia production that were 
observed on young plants were similar to relative levels of susceptibility in 
soybean cultivars seen in greenhouse and field tests (4.10,4.11). This suggests 
that reaction to C. crotalariae in soybean cultivars may be determined early 
in plant development. It has been proposed that the pathogen infects early 
growth stages of soybean but produces symptoms at later stages (R3 -R4 ) (J. P. 
Snow, personal com m unication). This speculation is supported by data that 
show cultivar 'Braxton' among the least susceptible cultivars in greenhouse 
and field tests as well as reduced disease severity and perithecia production 
observed in the present study. It may be that if resistance is not expressed at 
early growth stages, the plants probably will produce disease symptoms at 
later growth stages.
H arris and Beute (4.8) reported the im portance of initial defense 
m echanism s in C ylindrocladium  black ro t of peanu t caused by C. 
crotalariae, which may support the idea that resistance of soybean at early
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grow th stages determ ines further disease reaction. These authors (4.8) 
observed that formation of periderm  (4.8,4.9) after infection of prim ary 
branch roots suppressed further infection by germ inated microsclerotia. 
They also found that infection with C. crotalariae induced less periderm  in 
a susceptible than in a resistant peanut cultivar and this periderm was more 
easily destroyed by subsequent challenges with germ inated microsclerotia 
(4.8). Periderm-related resistance of prim ary roots also has been suspected 
for soybean cultivars (4.4). This m ay determ ine the initial infection 
of germ inated microsclerotia, which are prim ary inocula for red crown 
rot, and consequently the final sym ptom s on stems and leaves in the 
field.
Berner et al. (4.6) reported that delayed planting of the susceptible 
cultivar 'Bedford' (maturity group V) as well as timely planting of m aturity 
group VII cultivars resulted in reduced red  crown rot disease incidence. 
These authors proposed that reduced disease incidence was due to disease 
escape rather than genetic resistance. Results from the current study suggest 
that young plants may be inherently less susceptible to red crown rot disease 
developm ent and perithecia production than are older plants. Reduced 
susceptibility of young plants also may be related to other factors. Harrison 
and Beute (4.8) showed that C. crotalariae on peanut prefers to infect sites of 
branch root emergence from the taproot cortex. Thus, delayed planting will 
result in smaller, less developed root systems w ith fewer infection sites 
than on larger root systems of plants by timely planting. This may result in 
reduced opportunity for infection during the early part of the season. It may 
be that resistance of cultivars such as 'Braxton' is related to genetic factors
71
bu t that susceptibility of cultivars such as 'Bedford' is affected by other 
factors such as delayed planting, availability of infection courts, and plant 
age. Red crow n ro t is a destructive, com m on disease of soybean in 
Louisiana. Delayed planting is the control strategy of choice because of a lack 
of resistant cultivars. Results reported in this study  suggest a possible 
explanation for this disease reduction. A dditional research is needed to 
determ ine the tim e of fungal infection under field conditions and the 
changes in population of fungal propagules in soil throughout the year.
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CHAPTER V
RELATIONSHIP BETWEEN VIRULENCE, CULTURAL 





The soilborne fungus Calonectria crotalariae (Loos) Bell and Sobers 
(anamorph: Cylindrocladium crotalariae (Loos) Bell and Sobers) (5.1) is the 
causal agent of red crown rot of soybean (Glycine max (L.) Merr.) (5.2,5.3). 
This disease was first reported  from the U nited States in 1973 (5.25) 
and  from  Louisiana in 1976 (5.2). Since then , red  crow n ro t has 
become one of the major yield reducing diseases on soybean in Louisiana 
(5.2,5.3).
The fungus belongs to the class Ascomycetes, order Hypocreales and 
produces conidia that are cylindrical, straight, hyaline, and 1-3 septate (5.1). 
The ascospores are produced in perithecia and are hyaline, fusoid, and 1-3 
septate. The roles of conidia and ascospores in the disease cycle are not 
known. However, recent research has begun to highlight the importance of 
conidia and ascospores. Crous et al. (5.7) reported that sporulation, growth, 
and vesicle form ation in Cylindrocladium  species decreased in media of 
low osmotic potentials and suggested that diseases associated with those 
species can be found frequently in areas w ith high hum idity, such as 
Louisiana. Previously, N ishijim a and Aragaki (5.21) recognized that 
occurrences of papaya collar rot caused by C. crotalariae were related in high 
rainfall. Also, microsclerotia of C. crotalariae can survive several years in 
soil or host debris w ithout host plants (5.26).
The existence of races in C. crotalariae has been proposed by several 
authors (5.4,5.10,5.24) because of variability in disease severity within a field 
(5.25), prevalence of the sexual stage (5.1), multinucleate mycelia (5.14), and 
hyphal anastomosis (5.4). A lthough no firm evidence for races has been
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reported , variability  in  virulence am ong C. crotalariae isolates was 
dem onstrated  on peanut (5.24) and soybean (5.15). In addition, some 
evidence for host specialization in C. crotalariae on soybean exists; 
isolates from soybean produced more disease on soybean than did isolates 
from  p ean u t (5.15). A sim ilar phenom enon w as docum ented  for 
Macrophomina phaseolina, causal agent for charcoal rot on a large number 
of hosts (5.6). Cloud and Rupe (5.6) reported that isolates from soybean 
colonized soybean roots to a greater extent than did  isolates from 
sorghum .
Investigators have studied morphological phenotypes for indicators 
of variation in pathogenicity a n d /o r  virulence, and intensively used 
isozym es, re s tr ic tio n  frag m en t len g th  p o ly m o rp h ism s (RFLP), 
mitochondrial DNA and plasmids, and double-stranded RNA (dsRNA) as 
m olecular m arkers (5.19). Thus, morphological phenotypes or molecular 
m arkers for understanding variability in C. crotalariae may provide an 
effective tool in characterizing variability in virulence of this fungus. For 
example, growth morphology on chlorate-amended m edia is differential 
b e tw een  M. phaseolina isolates from soybean and corn, suggesting that the 
grow th pattern is a marker to detect isolates from those hosts (5.22,5.23). 
Therefore, the objective of this study was to compare mycelial growth, 
production of microsclerotia and perithecia, and dsRNA in C. crotalariae 
isolates from several hosts in order to identify m orphological a n d /o r  
genetic markers that correlate w ith levels of virulence in these isolates. An 
abstract of this work has been published (5.15).
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MATERIALS AND METHODS
Fungal isolates and virulence. Thirty-five isolates of C. crotalariae 
from various hosts and geographic origins were used in these studies (Table 
5.1). Isolates from soybean and peanut were examined for production of 
microsclerotia and  perithecia, mycelial grow th rate, and dsRNA content 
w hereas isolates from H aw aii were included only in dsRNA analysis. 
Cultures were m aintained on rehydrated potato dextrose agar (PDA, Difco 
Laboratories, Detroit, MI) at 4 C and transferred every 2 months. Previous 
tests (Tables 2.2 and 2.3) determined virulence of 25 isolates of C. crotalariae 
from  peanut and soybean on soybean cultivars 'A sgrow 7986', 'Braxton', 
'C ajun ', 'C entennial', 'Forrest', and 'H artz 7126'. Data from these tests 
were pooled and used for comparisons w ith cultural characteristics of the 
fungus.
C u ltu ra l characteristics. M ycelial grow th  w as m easured after 
transferring a plug (5 mm in diameter) of mycelium in PDA cut from an  
actively growing culture to the center of a PDA plate (90 mm in diameter). 
These were incubated in darkness at 25 C. Colony diameters were measured 
5 days after inoculation. This test was conducted twice w ith five replicates 
each.
Production of microsclerotia was quantified on similar cultures that 
were incubated in darkness at 25 C for 4 weeks. Cultures were comminuted 
in water (200 ml) for 2 min using a Waring Commercial Laboratory Blender 
(Dynamics Corporation of America, New Hartford, Connecticut). The slurry 
of mycelium and microsclerotia was passed through nested sieves of 250
78
Table 5.1. Geographic origin, host, date collected, and provider/collector of 
Calonectria crotalariae isolates included in this study
Isolate Geographic Original Date Provider/
origin host collected collector
BH1 Louisiana Glycine max 1991 la
BH2 Louisiana G. max 1991 1
BSD Louisiana G. max . .  >
SG911 Louisiana G. max 1991 1
SG912 Louisiana G. max 1991 1
SG913 Louisiana G. max 1991 1
SG914 Louisiana G. max 1991 1
SG915 Louisiana G. max 1991 1
SG916 Louisiana G. max 1991 1
SG917 Louisiana G. max 1991 1
SGD Louisiana G. max 2
323 N orth Carolina Arachis hypogaea 3
417 N orth  Carolina A. hypogaea 3
447 N orth  Carolina A. hypogaea 3
48 N orth  Carolina A . hypogaea 3
1PN N orth  Carolina A . hypogaea 1986 3
2PN N orth  Carolina A. hypogaea 1986 3
3PN N orth  Carolina A . hypogaea 1986 3
4PN N orth  Carolina A . hypogaea 1986 3
C31 N orth  Carolina A. hypogaea 1973 3
J1 N orth  Carolina A. hypogaea 1985 3
J2 N orth  Carolina A. hypogaea 1985 3
J3 N orth  Carolina A. hypogaea 1985 3
S38 N orth  Carolina A. hypogaea 3
S44 N orth  Carolina A. hypogaea 
Acacia koa
3
148 (24023)c Hawaii 4
156 (24024) Hawaii Carica papaya 4
725 Hawaii Leea coccinea 4
729 Hawaii L. coccinea 4
846 Hawaii Medicago sativa 4
872 Hawaii L. coccinea 4
894 Hawaii M . sativa 4
895 Hawaii M . sativa 4
1 1 0 2 Hawaii Anthurium  andraeanum . . . 4
1809 (76649) Hawaii Howeia forsterana 4
al=A uthor; 2=D. K. Berner, Louisiana State U niversity, Baton Rouge, 
Louisiana; 3=M. K. Beute, N orth  Carolina State University, Raleigh, 
N orth Carolina; 4=J. Y. Uchida, University of Hawaii, Honolulu, Hawaii. 
bUnknown.
cNumbers in parenthesis are ATCC numbers.
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(im and 45 pm. M icrosclerotia on the 45-pm sieve were collected and 
volume was adjusted to 100 ml with tap water. After sufficient dilution, 10 
ml of the diluted suspension was applied to a counting dish. Num bers of 
m icrosclerotia w ere determ ined as m eans of three counts per plate. 
Microsclerotia production was calculated using the following equation: total 
num ber of m icrosclerotia = counted num ber of microsclerotia x 5.5 x 
original volum e (100 ml) x dilution factor. This test was conducted twice 
with four and five replicates, respectively.
Production of perithecia was determ ined from cultures grow n on 
PDA in darkness at 25 C for 10 days. At that time, aerial mycelia were 
rem oved and cultures w ere incubated under continuous fluorescent lights 
for 3 additional weeks. Perithecia production was determ ined as the mean 
from 10 l-cm 2 areas on each plate. This test was conducted twice with three 
and five replicates, respectively.
DsRNA analysis. Thirty-five isolates of C. crotalariae from soybean 
(n= ll), peanut (n=14), and tropical plants (n=10) were screened for presence 
of dsRNA. Extraction procedure for dsRNA was as described by Valverde et 
al. (5.29) which was modified from Morris and Dodds (5.20). Isolates were 
grow n on potato dextrose broth for 2  weeks and m aintained at room 
tem perature (ca. 25 C). M ycelia w ere harvested by vacuum  filtration 
through filter paper (Whatman #1), lyophilized for 24 hr, then stored at -20 
C. For dsRNA extraction, 2 g of dried mycelia were ground with a m ortar 
and pestle and nucleic acids were phenol-extracted using STE buffer (50mM 
Tris, lOOmM NaCl, ImM  EDTA, pH  7.0). The m ixture with 1 ml of 10 %
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SDS, 0.5 ml of 2 % bentonite, and 9 ml of STE-saturated phenol was shaken 
for 30 min, then centrifuged at 8000 g for 15 min. The aqueous phase (10ml) 
containing 16.5 % ethanol was added to cellulose pow der (CF-11) columns 
m ade with STE and 16.5 % ethanol. The dsRNA obtained following CF-11 
colum n chrom atography (two cycles) was collected and 0.5 ml of 3 M 
sodium acetate and 30 ml of 95 % ethanol were added, and then stored for 4 
hr at -20 C to precipitate the dsRNA. After the samples were centrifuged at 
8000 g for 30 min, the supernatant was discarded. Pellets were resuspended 
in 150 pi of electrophoresis buffer (0.04M Tris, 0.02M sodium  acetate, ImM  
EDTA) containing 20 % glycerol and 0.01 % bromophenol blue and stored at 
-20 C until electrophoresis. The dsRNA was electrophoresed in 6  % 
polyacrylam ide gels at 100 V for 2 hr. Gels w ere stained in ethidium  
bromide and observed under UV light. The dsRNA nature of samples was 
verified following treatm ent w ith DNase. Isolates (FL40C and FL173) of 
Diaporthe phaseolorum  var. caulivora (5.18) know n to contain dsRNA 
were used as controls in each dsRNA extraction.
Analysis of data. Statistical analyses were conducted using SAS (5.27). 
A nalysis of variance was determ ined using PROC GLM procedure. 
Relationships am ong dependent variables w ere exam ined using PROC 
CORR.
RESULTS
Ranges for disease severity, p roduction  of m icrosclerotia and 
perithecia, and mycelial growth were observed among C. crotalariae isolates
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(Tables 5.2 and 5.3). None of the C. crotalariae isolates tested contained 
detectable levels of dsRNA, but dsENAs w ere detected in isolates of D. 
phaseolorum  var. caulivora which served as controls. Isolates that induced 
the m ore severe disease generally produced m ore m icrosclerotia and 
perithecia than did isolates w ith lower virulence (Tables 5.2 and 5.3). 
H ow ever, re la tive rates of m ycelial g row th  am ong isolates w ere 
inconsistent. N ine isolates of C. crotalariae d id  not produce perithecia in 
either test, whereas a single isolate (SGD) produced few perithecia in test 1 
only (Tables 5.2 and 5.3). Isolates that failed to produce perithecia exhibited 
moderate or low virulence (Tables 5.2 and 5.3).
D isease severity  co rre la ted  po sitiv e ly  w ith  p ro d u c tio n  of 
m icrosclerotia and perithecia in tests 1 and  2 (Table 5.4). How ever, 
correlation coefficients were m arkedly higher for perithecia than for 
microsclerotia. Disease severity correlated negatively with mycelial growth 
in test 1 only (Table 5.4). In both tests, mycelial growth correlated negatively 
w ith production of perithecia but did not correlate with disease severity 
(Table 5.4).
Production of microsclerotia and perithecia was greater by isolates of 
C. crotalariae from soybean than from peanut. Mycelial grow th by peanut 
isolates was greater but only in test 1 (Fig. 5.1). Soybean isolates were more 
virulent on soybean than were peanut isolates (Fig. 2.1).
DISCUSSION
Morphological phenotypes have been used as markers to characterize 
pathogenicity or virulence among isolates of p lant pathogens. Molecular
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Table 5.2. Disease severity*, microsclerotia production^, mycelial grow ths 
and perithecia production^ by Calonectria crotalariae isolates in test 1






SG914 3.5 . . . e 28.2 297
SG917 3.4 174 49.0 391
SG915 3.4 198 38.0 267
BH2 3.3 160 24.2 355
SG916 3.2 174 37.8 317
SG913 3.0 163 39.4 364
2PN 2 . 8 127 27.0 413
SG911 2 . 8 • « • 35.6 244
SG912 2 . 6 188 38.6 268
1PN 2.5 62 29.0 309
J3 2 . 0 182 44.0 0
48 1.9 235 40.4 0
4PN 1 . 8 142 29.4 249
447 1.4 186 47.6 0
323 1.3 90 54.4 0
SGD 1.3 175 29.6 1 2
BH1 1 . 0 171 44.2 2 0 1
C31 0 . 6 169 6 6 . 2 65
3PN 0 . 6 146 33.4 59
BSD 0.5 208 35.6
S38 0.3 2 0 1 43.8 0n 0 . 1 27 42.4 0
J2 0 . 1 48 45.8 0
417 0 . 1 108 33.6 0
S44 0 . 1 205 27.0 0
L S D 0 .0 5 0.5 25 4.3 83
aDisease severity was rated using a scale of 0 (no visible symptoms) to 5 
(dead plants) 9 days after inoculation of 10-day-old plants. Data are pooled 
from previous laboratory tests. Values are means of six replicates w ith 11 
plants per replicate.
bMicrosclerotia were counted 4 weeks after inoculation of potato dextrose 
agar (PDA). Values are means of four replicates.
cMycelial growth was measured 5 days after inoculation of PDA. Values are 
means of five replicates.
dPerithecia w ere counted 3 weeks after incubation under continuous 
fluorescent light. Values are means of five replicates.
eNot tested.
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Table 5.3. Disease severity a, microsclerotia production^ mycelial grow th^ 
and  perithecia productiond by Calonectria crotalariae isolates in test 2






SG914 3.5 . . . e 39.4 • • .
SG917 3.4 252 46.4 • • «
SG915 3.4 223 39.4 8 8
BH2 3.3 213 2 2 . 8 79
SG916 3.2 193 36.6 113
SG913 3.0 255 30.0 48
2PN 2 . 8 216 25.2 141
SG911 2 . 8 34.4
SG912 2 . 6 243 42.0 • • •
1PN 2.5 75 24.3 16
J3 2 . 0 2 1 0 43.4 0
48 1.9 293 42.6 0
4PN 1 . 8 182 32.2 76
447 1.4 230 43.4 0
323 1.3 143 48.8 0
SGD 1.3 196 39.0 0
BH1 1 . 0 233 45.6 • • •
C31 0 . 6 245 45.3 24
3PN 0 . 6 142 17.0 . . .
BSD 0.5 233 37.4 59
S38 0.3 230 45.6 0
J1 0 . 1 60 49.4 0
J2 0 . 1 47 46.0 0
417 0 . 1 127 33.6 0
S44 0 . 1 197 2 0 . 8 0
LSDq.05 0.5 37 2 . 8 14
aDisease severity was rated using a scale of 0 (no visible symptoms) to 5 
(dead plants) 9 days after inoculation of 10-day-old plants. Data are pooled 
from previous laboratory tests. Values are means of six replicates w ith 11 
plants per replicate.
bMicrosclerotia were counted 4 weeks after inoculation of potato dextrose 
agar (PDA). Values are means of five replicates.
cMycelial growth was m easured 5 days after inoculation of PDA. Values are 
means of five replicates.
d Perithecia w ere counted 3 weeks after incubation under continuous 
fluorescent light. Values are means of three replicates.
eN ot tested.
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T able 5.4. Pearson correlation coefficients am ong disease severity®, 
































®Disease severity was rated using a scale of 0 (no visible symptoms) to 5 
(dead plants) 9 days after inoculation of 10-day-old plants. Data are 
pooled from previous laboratory tests. 
bMicroscerotia were counted 4 weeks after inoculation of potato 
dextrose agar (PDA). 
cMycelial growth was measured 5 days after inoculation of PDA. 
dPerithecia/cm2 were counted 3 weeks after incubation under continous 
fluorescent light. 














Test 1 Test 2
Fig. 5.1. (A) Production of microsclerotia 4 weeks after inoculation on 
potato dextrose agar (PDA), (B) mycelial growth 5 days after inoculation on 
PDA, and (C) production of perithecia by soybean and peanut isolates of 
Calonectria crotalariae 3 weeks after incubation u n d er continuous 
fluorescent light. Bars indicate standard errors of the m eans and within 
tests, an asterisk indicates a significant difference (P<0.05).
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m arkers such as isozymes, RFLP, mitochondrial DNA and plasmids, and 
dsRNA also have been applied extensively for this purpose (5.19). Because 
variability in virulence am ong C. crotalariae isolates was observed on 
legum e plants such as soybean and peanut, this research focused on 
identifying cultural a n d /o r  molecular characteristics in this fungus that 
may be related to virulence.
Viruses or virus-like particles that contain dsRNA have been found 
in over 100 species of fungi, more than 40 of which are plant pathogens 
(5.11). The presence of dsRNA has been associated with colony morphology, 
grow th rate, sporulation, perithecia production, and hypovirulence in some 
fungi such as Cryphonectria parasitica (5.8,5.9,5.30) and Chalara elegans (5.5). 
However, presence of dsRNA was not related to pathogenicity, virulence, 
a n d /o r  mycelial grow th in other fungi such as D. phaseolorum var. 
caulivora (5.18), Magnaporthe grisea (5.12), and Rhizoctonia solani (5.17). 
DsRNA was not detected in any of the C. crotalariae isolates examined 
which suggests in this study that dsRNA likely is not related to documented 
changes in virulence a n d /o r  cultural characteristics such as morphology, 
microsclerotia, and perithecia production. However, presence of dsRNA in 
certain fungi may be limited to isolates from specific areas. For example, 
Tooley et al. (5.28) found that dsRNA was detected in isolates of 
Phytophthora infestans from Mexico bu t not Europe or the United States. 
W hether this is true for C. crotalariae was not determ ined because 
only isolates from three areas of the United States were included in this 
study.
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Virulence in isolates of C. crotalariae correlated positively with the 
production of microsclerotia and perithecia in two tests bu t negatively 
correlated w ith mycelial grow th in one test. These results are similar to 
those of Rowe and Beute (5.24), who reported a wide range of virulence in 
C. crotalariae on peanut bu t no relationship between virulence and growth 
rate in culture or geographic origin of the isolates. Pearson et al. (5.22,5.23) 
found that colony morphology of M . phaseolina isolates from soybean or 
corn was differential on chlorate-am ended m edia, suggesting that host- 
specific isolates may be identified using this marker. It is therefore possible 
that fungal grow th by C. crotalariae isolates may be distinguishable only on 
chemical-amended media. Similar efforts to find reliable indicators between 
dsRNA-free and dsRNA-containing strains of C. parasitica causing chestnut 
blight have been documented (5.8,5.9). Elliston (5.8,5.9) found that dsRNA- 
free strains produced abundant perithecia and stromata in culture, whereas 
dsRNA-containing strains showing low virulence did so inconsistently. 
Colony morphology and growth rate were diverse regardless of presence of 
dsRNA. Thus, he suggested that cultural characteristics such as perithecia 
and  strom ata m ay be useful indicators for selecting dsRNA-containing 
strains. Similarly, production of perithecia and possibly microsclerotia may 
be useful indicators of virulence in C. crotalariae.
The finding that isolates dem onstrating higher levels of virulence 
produced more perithecia than did isolates with moderate or low virulence 
suggests that perithecia in this fungus m ay be involved in conservation of 
virulence. This may imply that sexual reproduction plays an im portant role 
in morphological and pathogenic variation. Hyphal anastomosis (5.4) also
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has been observed to produce genetic variation. The latter may be the cause 
of spontaneous production of sectors in the mycelium w hen grow n on 
artificial m edia (our personal observations). Klittich et al. (5.16) stated that 
sexual reproduction  is extrem ely im portan t for generating variability. 
M utations that give rise to morphological variants in vitro (i.e., sectoring) 
may play a critical role for organisms lacking sexual recombination such as 
Fusarium moniliforme (5.16). They also suggested th a t sectoring is 
governed additively by polygenes. Sectoring of in vitro cultures is common 
am ong isolates of C. crotalariae (our personal observations). Therefore, 
these results suggest that the high level of variability in isolates of C. 
crotalariae m ay result from sexual a n d /o r  nonsexual m echanisms for 
genetic recombination.
Soybean isolates exhibited greater production of perithecia and 
m icrosclerotia than did  peanu t isolates, w hich agrees w ith  previous 
findings (Fig. 2.1) that show greater virulence in isolates from soybean 
(5.15). This m ay suggest a degree of host specialization in C. crotalariae. 
Recently, Cloud and Rupe (5.6) observed a similar phenomenon. Isolates of 
M. phaseolina from soybean colonized soybean roots more extensively than 
d id  isolates from sorghum , which suggests that host specialization may 
exist in this soybean pathogen as well.
Microsclerotia are the prim ary inocula of C. crotalariae and as such 
have a critical role in producing red  crown rot on soybean. They are 
produced in fibrous roots infected by the fungus and are released into soil 
upon deterioration of the host root (5.13). Therefore, the ability of isolates to 
produce m icrosclerotia is an im portant com ponent of virulence in C.
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crotalariae. The role of perithecia in the disease cycle is not understood, but 
they m ay be im portant for preserving virulence genes through genetic 
recombination. In addition, perithecia production may serve as a useful 
m arker for characterizing  v irulence or host specialization in  this 
homothallic fungus. Additional research is needed to understand the role 
of perithecia in the disease cycle and the relationships between perithecia 
production, pathogenic variation, and sectoring in this fungus.
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CHAPTER VI
TOXIC METABOLITES PRODUCED BY CALONECTRIA CROTALARIAE, 




Red crown rot of soybean (Glycine max (L) Merr.) is caused by the 
soilborne fungus Calonectria crotalariae (Loos) Bell and Sobers (anamorph: 
Cylindrocladium crotalariae (Loos) Bell and Sobers) (6.1). This disease was 
first found in the United States in 1972 (6.15) and in Louisiana in 1976 (6.3), 
where it has caused 50% yield loss in severely affected fields (6.3,6.4). Roy et 
al. (6.16) also reported the disease on soybean in Mississippi and estimated 
yield loss 25-30% in some fields.
The sym ptom s (6.2) of red  crow n ro t include leaf chlorosis, 
interveinal necrosis, defoliation, and wilting. Roots are discolored and 
stems can show reddish discoloration alone or in conjunction with reddish- 
orange perithecia. Reddish discoloration and perithecia generally are 
restricted to stems 8-10 cm above the soil line. However, leaf symptoms 
along w ith these stem sym ptom s appear frequently during late grow th 
stages (R3 -R4 ) (6.7). In num erous attem pts (G.T. Berggren, J.P. Snow, and 
E.P. W hite, personal com m unications), C. crotalariae could not be isolated 
from leaf tissues showing symptom s, which suggests involvem ent of a 
toxic, fungal m etabolite(s) in disease developm ent. P reviously, the 
invo lvem ent of toxic m etabolites p ro d u ced  by C. crotalariae in 
Cylindrocladium  black rot of peanut (6 .8 ,6.9) was suspected by several 
researchers who observed necrosis on hypocotyls (6.9) and tap roots (6 .8 ) 
before fungal invasion.
Toxins produced by plant pathogens are involved to various degrees 
in pathogenesis in num erous host-parasite systems (6.19,6.21). The role of 
toxins in pathogenesis has been divided by Yoder (6.22) into 'pathogenicity
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factors' and 'virulence factors'. Toxins that are required for inducing disease 
are classified as pathogenicity factors, w hereas toxins w hose level of 
production relates to virulence are termed virulence factors. This system 
works well to identify host selective-toxins such as those produced by 
H elm in thosporium  victoriae  on oats, H. sacchari on sugarcane, and 
Alternaria kikuchiana on Japanese pear (6.19). In these systems, disease 
sym ptom  developm ent is induced entirely by the toxin. However, the 
system fails to classify the toxin produced by Diaporthe phaseolorum var. 
caulivora, causal agent for stem canker of soybean. This fungus produces a 
toxin which functions in foliar and canker disease developm ent (6 .1 2 ) but 
apparently plays no direct role in the symptom  production on soybean. A 
second approach classifies toxins as prim ary determ inants necessary to 
produce disease and secondary determ inants which are not required for 
disease developm ent (6.6,6.20). The toxin produced by D. phaseolorum v a r. 
caulivora may fit well into the latter category.
We reported  previously that isolates of C. crotalariae exhibit a 
w ide range in virulence on soybean (6.10). In these studies, virulence of 
C. crotalariae was expressed as ability to induce not only stem lesions but 
also chlorosis and w ilting of leaves far rem oved from the site of the 
fungus. Therefore, this study  was conducted to examine involvem ent 
of a toxic fungal metabolite(s) in the C. crotalariae-soybean system and 




Culture filtrates. Cultures of C. crotalariae w ere m aintained on 
rehydrated potato dextrose agar (PDA, Difco Laboratories, Detroit, MI) at 4 C. 
An agar disc containing mycelium (5 mm in diameter) from the actively 
growing edge of a culture (1 week old) was transferred to 50 ml of potato 
dextrose b ro th  (PDB) in a 250-ml Erlenm eyer flask. The stationary 
inoculated flasks were incubated in darkness for 4 weeks at 25 C. Mycelial 
mats were rem oved by filtration. Cell-free culture filtrates were obtained 
after the m edium  was passed through 0.2-pm N algene filters (Nalge 
Com pany, Rochester, N ew  York) under vacuum. Culture filtrates were 
stored at -15 C until used for root growth and trifoliate bioassays.
Root grow th bioassay. Seeds of soybean cultivar ^Riverside 699' were 
incubated in a plastic box (26x31x10 cm) containing moistened paper towels 
in darkness at 25 C for 2 days. Uniformly germ inated seeds (1-cm-long 
radicle) were chosen for testing. Isolates SG915 (highly virulent) and J2 (less 
virulent) of C. crotalariae (Tables 2.2 and 2.3) were grown on PDB or liquid 
semiselective m edium  (LSM) described by Phipps et al. (6.13) w ithou t 
tergitol, thiabendazole, chloramphenicol, and chlortetracycline. Five seeds 
were incubated in darkness at 28 C in a petri plate (9 cm in diameter) that 
contained filter papers m oistened w ith 1 0  ml of full- or half-strength 
culture filtrate, PDB alone, LSM alone or sterilized distilled water. Petri 
plates were incubated in a sealed plastic box (26x31x10 cm) that contained 
m oistened paper towels to m aintain high relative hum idity. Length of 
prim ary roots, num ber of secondary roots, and length of longest secondary
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roots w ere determ ined 4 days after treatm ent. This experim ent was 
conducted w ith 20 and 25 replicates with full- and half-strength culture 
filtrates from PDB, respectively, and 30 replicates with full-strength culture 
filtrates from LSM.
Trifoliate bioassay. Eleven soybean cultivars (Table 6.2) with different 
levels of susceptibility to red crown rot (Tables 3.1 and 3.3) were examined 
for reaction to metabolites produced by C. crotalariae. N ine isolates of C. 
crotalariae from different hosts and origins were used (Table 6.3). These 
exhibited various levels of virulence and w ere used to examine the 
relationship betw een virulence and toxin production. Previous tests 
(Tables 2 . 2  and 2.3) determ ined virulence of isolates of C. crotalariae on 
soybean cultivars 'Asgrow 7986', 'Braxton', 'Cajun' 'Centennial', 'Forrest', 
and TLartz 7126'.
Plants were grown for 6  weeks in 17-cm-diameter plastic pots filled 
with a commercial potting mixture (Jiffy mix plus, Jiffy Product of America 
Inc., Batavia, II). Four seeds w ere planted in each pot. A completely 
developed second trifoliate from the top of each plant was cut under water 
using a razor blade. Culture filtrates in PDB diluted to 50% concentration 
w ith  sterilized distilled w ater w ere used th roughou t this bioassay. 
A utoclaved distilled w ater and half-strength PDB served as controls. 
Preliminary results indicated that undiluted PDB was phytotoxic to soybean 
after 48 hr bu t that half-strength PDB was not. The cut petiole (5 cm. in 
length) immediately was immersed in 4.5 ml of culture filtrate in a vial (45 
x 15 mm). Wilt reactions of trifoliates were rated 36 hr after treatment as
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follows: 0  = no wilting; 1  = leaves flaccid; 2  = marginal or slightly wilted 
leaves; 3 = completely w ilted leaves. This experiment was conducted twice 
w ith five and four replicates, respectively.
V arious concentrations and  heat treatm ent on culture filtrates.
Culture filtrate from virulent SG915 of C. crotalariae on PDB was diluted 
w ith sterile distilled w ater to concentrations of 6.25, 12.5, 25, 50, and 100% 
(v/v). Sterile distilled water and the same concentration of PDB served as 
controls. These culture filtrate concentrations were tested against trifoliates 
of susceptible cultivar 'Riverside 699'. Wilt reactions of trifoliates were 
rated  36 hr after treatm ent as described above. This experim ent was 
conducted twice with four replicates each.
Half-strength culture filtrate from SG915 on PDB was autoclaved 121 
C (15 lb /in 2) for 15 m in and cooled at room tem perature. Autoclaved 
culture filtrates were bioassayed on trifoliate leaves from 'Riverside 699' to 
test for heat stability of the fungal metabolites. H alf-strength PDB and 
sterilized distilled water were used for controls. Wilt reactions of trifoliates 
w ere rated 36 hr after treatm ent as described above. This experiment was 
conducted twice with five and four replicates, respectively.
Analysis of data. Statistical analyses were conducted using SAS (6.18). 
Analysis of variance was determ ined using PROC GLM and relationship 
among variables was examined using PROC CORR.
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RESULTS
Reductions in prim ary root length were observed when full-strength 
PDB alone or culture filtrates from SG915 or J2 were applied to germinated 
seeds of 'Riverside 699' (Table 6.1). Full-strength culture filtrates from both 
SG915 and J2 reduced the num ber of secondary roots and the length of the 
longest secondary root when com pared to full-strength PDB and water 
controls. Full-strength culture filtrate from  isolate SG915 com pletely 
inhibited secondary root development. Length of prim ary roots also was 
reduced with presence of half-strength PDB alone and culture filtrates from 
SG915 and J2 (Table 6.1). Number of secondary roots was not reduced in the 
presence of half-strength PDB but was reduced following treatm ent with 
culture filtrates. There w ere no consistent effects of culture filtrates on 
length of the longest secondary roots. W hen full-strength filtrate from 
SG915 grown on LSM was tested on the seeds, better prim ary root growth 
was observed in filtrate from SG915 than LSM or water control (Table 6.1). 
The root grow th following treatment with full-strength filtrate from J2 or 
w ater w as sim ilar. Toxic m etabolites w ere no t p roduced  in LSM.
A range of wilt responses was detected among cultivars when tested 
against culture filtrate from SG915 in trifoliate assays (Table 6.2). In test 1, 
only cultivar 'Cajun' exhibited reduced wilting severity, whereas 'Cajun', 
and 'A sgrow  7986' show ed reduced severity in test 2. These cultivars 
exhibited low to m oderate levels of susceptibility in previous greenhouse 
and  field tests (Table 6 .2 ). Susceptibility and w ilting severity am ong 
cultivars were not correlated in either test.
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Table 6.1. Root grow th a from  seeds of soybean cultivar 'R iverside 699' 
following treatm ent w ith full- or half-strength culture filtrates from SG915 
(highly virulent) and J2 (less virulent) grow n on potato dextrose broth 
(PDB) and liquid semeseletive media (LSM) for 4 weeks
Treatm ent Primary root Secondarv root
length (cm) N um ber Length (mm)
Grown on PDB : full strength 13
SG915 5.0c cd 0  c 0  c
J2 6.9 b 1 . 2  c 0 . 8  c
PDB 5.4 be 6 .1 b 7.1b
W ater 14.2 a 1 0 . 2  a 12.4 a
Grown on PDB : half strength
SG915 15.3e be 19.8 b 25.1 be
J2 17.6 b 2 0 .1 b 41.9 a
PDB 13.1 c 23.2 ab 17.2 c
Water 21.4 a 28.9 a 34.5 ab
Grown on LSM : full strength
SG915 2 1 .2 f a -g -
J2 17.5 b - -
LSM 1 1 . 1  c - -
W ater 18.4 b - -
aLength of prim ary root, num ber of secondary roots, and their longest roots 
were determined 4 days after treatment of germinated seeds. 
bFull- or half-strength culture filtrates, PDB, or LSM were tested. 
cValues are means of 2 0  replicates.
dFor each treatment, means within columns followed by same letter did not 
differ significantly (P>0.05). 
eValues are means of 25 replicates.
•Values are means of 30 replicates. 
gNot evaluated.
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Table 6 .2 . W ilting severity of trifoliates of 11 soybean cultivars w ith 
treatm ent of half-strength culture filtrates from SG915 of Calonectria  
crotalariae grown on potato dextrose broth (PDB) for 4 weeks
Cultivar
b
Susceptibility Disease severitva Wilting severity
Test 1 Test 2
Riverside 699 He 3.9 3.0 3.0
Hartz 7126 H 3.5 2 . 6 2 . 6
Riverside 677 H 3.3 3.0 3.0
Bedford H 3.0 3.0 3.0
Deltapine 726 H 3.0 2 . 8 3.0
Centennial H 2.9 3.0 2.4
Hartz 6200 M 2 . 6 3.0 3.0
Asgrow 7986 M 2 . 2 2 . 8 1 . 0
Braxton L 2 . 1 3.0 2 . 8
Cajun L 2 . 0 1.4 1 . 8
Forrest L 2 . 0 3.0 2.4
LSDq.05 0.9 0 . 6 0 . 6
aDisease severity caused by SG915 of C. crotalariae was determined using a 
scale of 0 (no visible symptoms) to 5 (dead plants) from pooled data in 
previous greenhouse tests. The values are means of 21 observations. 
bWilting was evaluated using a scale of 0 (no wilting) to 3 (complete w ilting 
of leaves) 36 hr after treatm ent of trifoliate leaves. The values are means of 
five replicates.
cSuscep tib ility  of cu ltivars to C. crotalariae (H=highly susceptible, 
M =m oderately susceptib le, L=least susceptible) based on previous 
greenhouse and field tests.
dHalf-strength PDB and water control did not produce wiltings of trifoliates 
of 1 1  soybean cultivars.
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No test x treatment interactions were detected when culture filtrates 
from isolates of C. crotalariae w ith different levels of virulence were tested 
against susceptible soybean cultivar 'R iverside 699'; therefore, wilting 
severity from pooled data was presented (Table 6.3). Wilting severity was 
greatest w hen trifoliates w ere treated with culture filtrates from isolate 
SG915 and C31, which exhibited high and low virulence, respectively, in 
seedling tests. Virulence and wilting severity were not correlated.
W hen various concentrations of culture filtrate from SG915 were 
tested on 'Riverside 699', no significant differences were detected between 
tests; therefore, the results from pooled data were presented (Fig. 6.1). As the 
concentration of culture filtrate from SG915 increased, trifoliate leaves 
becam e severely w ilted (Fig. 6.1). Slightly w ilted or flaccid leaves of 
trifoliates appeared at lower concentrations, bu t complete wilting occurred 
at higher concentrations (>50%). Dilution end point for culture filtrates was 
determined to be 1:8 (12.5% culture filtrates, v /v )  (Fig. 6.1).
Autoclaved culture filtrate of virulent isolate SG915 dem onstrated 
reduced ability to wilt leaves of soybean cultivar 'Riverside 699' (Fig. 6.2). 
Culture filtrate that was not autoclaved caused complete w ilt of soybean 
trifoliates after 36 hours.
DISCUSSION
Toxins produced by fungal plant pathogens are considered one of the 
determ inants in disease development (6.19). However, responses of plants 
to such toxins sometimes are not related to virulence of their pathogens, 
bu t rather may result from other determ inant factors such as metabolites
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Table 6.3. W ilting severity of trifoliates of susceptible soybean cultivar 
'Riverside 699' w ith treatm ent of half-strength culture filtrates from nine 
isolates of Calonectria crotalariae grown on potato dextrose broth (PDB) for 
4 weeks
Isolate Original V irulence Disease severity* W ilting severity13 
host/o rig in
SG915 S/LAc Hd 3.4 2.9
BH2 S/LA H 3.3 1 . 8
2PN P/N C H 2 . 8 1 . 1
323 P/N C M 1.3 1 . 6
BH1 S/LA M 1 . 0 0.3
C31 P/N C L 0 . 6 2.5
S38 P/N C L 0.3 1 . 6
J2 P/N C L 0 . 1 2 . 0
S44 P/NC. L 0 . 1 0 . 8
LSDq.05 0.5 0.7
aDisease severity was determined on six soybean cultivars using a scale of 0  
(no visible symptoms) to 5 (dead plants) from pooled data from previous 
laboratory tests. The values are means of six replicates w ith 11 plants per 
replicate.
bWilting was evaluated using a scale of 0 (no wilting) to 3 (complete wilting 
of trifoliate leaves) 36 hr after treatment of trifoliate leaves from pooled 
data from tests. The values are means of eight replicates. 
cS=soybean, P=peanut, LA=Louisiana, and NC=North Carolina. 
dVirulence of isolates of C. crotalariae to soybean cultivars (H=highly 
virulent, M =m oderately virulent, L=less virulent) based on seedling 
inoculations.
eHalf-strength PDB and water control did not produce wiltings of trifoliates 
of 'Riverside 699'.
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Fig. 6.1. Trifoliate wilting in soybean cultivar 'Riverside 699' produced by 
various concentrations (0, 6.25, 12.5, 25, 50, and 100%, v /v )  of culture 
filtrate from virulent isolate (SG915) of Calonectria crotalariae grown on 
potato dextrose broth (PDB) for 4 weeks. W ilting was evaluated using a 
scale of 0 (no wilting) to 3 (complete w ilting of leaves) 36 hr after 
treatment. Values are means of eight observations from pooled data in 
two tests and bars indicate standard errors.
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E3 Heat untreated 
HI Heat treated
T
Test 1 Test 2
Fig. 6.2. Trifoliate wilting in soybean cultivar 'Riverside 699' produced by 
heat-treated (121 C, 15 min, 15 lb /in 2) or untreated half-strength culture 
filtrate from virulent isolate (SG915) of Calonectria crotalariae grown on 
potato dextrose broth for 4 weeks. Wilting was evaluated using a scale of 
0 (no wilting) to 3 (complete w ilting of leaves) 36 hr after treatment. 
Values are means of four or five replicates in tests 1 and 2, respectively. 
Bars indicate standard errors of the means and within tests, an asterisk 
indicates a significant difference (P<0.05).
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and enzymes involved in these systems (6.19). Nevertheless, a search for 
the role of a toxin in disease development is still useful for identifying a 
factor for pathogenicity or virulence. Since suspect evidence of toxin-related 
symptoms on leaves in the C. crotalariae-soybean system was first observed 
(G.T. Berggren, J.P. Snow, and E.P. White, personal communications), there 
have been no reports of involvement of toxin in red crown rot of soybean. 
H ow ever, several au thors have proposed the involvem ent of toxic 
m etabolites p roduced  by C. crotalariae in pathogenesis (6 .8 ,6 .9). In 
histological studies, necrosis on peanut hypocotyls (6.9) and tap roots (6 .8 ) 
was observed before fungal invasion and consequently toxic metabolites 
were suspected.
In this study, we evaluated the role of metabolites produced by C. 
crotalariae in vitro in elucidating disease developm ent on soybean. The 
results show ed that C. crotalariae produces at least two toxic metabolites, 
one of which is heat stable. These compounds were produced on PDB but 
not on the semiselective m edium  of Phipps et al. (6.13). Production of toxic 
metabolites evidently was affected by media composition, a phenomenon, 
which is well docum ented (6.17). The root grow th assay for detecting the 
toxic m etabolites w as not appropriate due to PDB toxicity. Because 
superficial symptom s caused by the toxic metabolites occur on leaves of 
soybean, a trifoliate assay w ith half-strength culture filtrates on PDB was 
adopted in current studies.
Soybean cultivar 'Cajun' exhibited the least sensitive reaction to 
culture filtrates from virulent SG915. This cultivar also proved to be least 
susceptible to red crown rot in greenhouse and field tests (6.11). These
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results suggest that screening using culture filtrates m ay be useful to 
identify the least susceptible cultivars. Aside from 'Cajun', however, there 
was no correlation between severity of wilt symptoms and susceptibility to 
disease developm ent am ong cultivars tested. In the current study, the 
general lack of correlation between sensitivity to C. crotalariae culture 
filtrates and disease reaction of soybean cultivars indicates that this toxin 
m ay not fit into either 'pathogenicity factors' or 'virulence factors' (6 .2 2 ). 
Daly (6 .6 ) proposed that toxins can be secondary determinants of virulence, 
which are not critically im portant to produce disease, as well as prim ary 
determ inants which are necessary to produce disease (6.20). A toxin which 
acts as a secondary determ inant of virulence is that produced by D. 
phaseolorum  var. caulivora, causal fungus for stem canker of soybean. 
Lalitha et al. (6.12) tested  culture filtrates from four isolates of D . 
phaseolorum var. caulivora on five soybean cultivars that showed different 
levels of disease susceptibility in the field. They found that sensitivity of 
cultivars to toxin did not relate to disease susceptibility and showed further 
that virulence of isolates was not related to ability to produce toxin (6.12). In 
the present study, susceptibility of soybean cultivars to red crown rot was 
not correlated w ith sensitivity to culture filtrates and virulence of isolates 
of C. crotalariae was not correlated w ith production of toxic metabolites. 
These results suggest that the toxic metabolites produced by C. crotalariae 
are secondary determ inants of virulence and are not critical for disease 
developm ent.
Although many studies have identified production of toxins by plant 
pathogens, few have focused on the ecological or epidemiological aspects of
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toxins (6.19). Such understanding is im portant for identifying the role of 
toxins in disease epidemics under field conditions. For example, sensitivity 
of grain sorghum to toxin produced by Periconia circinata causing Periconia 
b light depends upon tem perature (6.5,6.14). This disease appears on 
sorghum  in spring, disappears during summer, bu t appears again in the 
fall. This results because plants are not sensitive to toxin when tem perature 
are greater than 35 C. In the current study, results suggest a close 
re la tio n sh ip  betw een  d isease reactions in the  fie ld  and  certain  
characteristics, including toxin production of C. crotalariae.
Previously, we observed four different reactions of soybean to red 
crown rot (6.11). These were: plants supporting perithecia alone; plants with 
leaf symptoms alone; plants with perithecia and leaf symptoms; and plants 
w ith reddish discoloration on the stems but w ithout both perithecia and 
leaf sym ptom s. W hen these observations are com bined w ith  data  on 
cultural characteristics, virulence, and toxicity of culture filtrates, we see 
that specific disease reaction in the field m ay be based solely on the 
characteristics of the C. crotalariae isolates colonizing the roots and stems. 
For example, highly virulent isolate SG915 produced abundant perithecia in 
artificial media (6.10) as well as wilt-inducing metabolites. Colonization of 
soybean stem and root systems w ith an isolate such as this may result in 
plants that support perithecia on stems and leaf symptoms. M oderately 
virulent isolate BH1, which produced abundant perithecia in vitro  but 
reduced ability to produce toxic metabolites, may induce only production of 
perithecia at stem bases. Colonization of soybean stems and roots by less 
virulent isolate J2, which produce no perithecia in vitro bu t high level of
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metabolites, may induce only development of leaf symptoms alone once it 
successfully establishes w ithin host tissue. And finally, moderately virulent 
isolate 323 dem onstrated reduced ability to produce perithecia (6.10) and 
toxic metabolites, which may result in reddish discoloration of stems but no 
perithecia or leaf symptom s. This response also w as noted w hen less 
virulent isolate J2 was inoculated into wounded stems of soybean seedlings; 
it induced the reddish, necrotic lesions that are seen commonly in the field 
(our unpublished data).
Current studies showed that toxic metabolites of C. crotalariae may be 
involved in disease development and in differential sym ptom  expression 
under field conditions. However, trifoliate assays did  not dem onstrate 
typical interveinal chlorosis and necrosis which frequently are observed in 
the field. Rudolph (6.17) suggested that most toxins will not act alone but 
ra ther in com bination w ith other products of the pathogen such as 
metabolites and enzymes. This may explain the incomplete production of 
disease symptoms in the assay as well as the limitations for detecting fungal 
toxin w ith in vitro assays. Future studies should focus on several areas. 
Host range tests w ould determine whether toxic metabolites produced by C. 
crotalariae are specific for soybean. Purification and characterization of the 
metabolites also will be needed for mode of action studies. Conventional 
use of toxic metabolites in a breeding program also may be considered.
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U nderstanding disease resistance is a long-term, major goal in plant 
pathology. Studies on variability in virulence of Calonectria crotalariae, 
detection of m orphological a n d /o r  genetic variations in fungal isolates, 
developm ent of an inoculation technique to screen cultivar resistance, 
effects of plant age on disease development, and toxin research discussed in 
this dissertation contribute to better understanding of disease development 
and host resistance in the C. crotalariae-soybean system.
Variability in virulence among C. crotalariae isolates from different 
hosts and geographic origins provides im portant information for breeding 
cultivars resistant to red  crown rot. A w ide range in virulence for C. 
crotalariae isolates was observed. Soybean isolates w ere pathogenic on 
soybean although some were less virulent. Virulence of isolates was not 
affected greatly by cultivar. Soybean isolates were more virulent on soybean 
than w ere peanut isolates. Virulence in C. crotalariae was stable across a 
range of cultivars, suggesting that virulence of these fungal isolates can be 
evalua ted  effectively in the laboratory . Evidence for physiologic 
specialization was not recognized in this system. However, the findings that 
soybean isolates of C. crotalariae w ere m ore v irulent on soybean than 
w ere peanut isolates suggest that host specialization m ay exist in this 
fungus.
Susceptibility of soybean cultivars to C. crotalariae was evaluated 
using a greenhouse inoculation technique which involved inoculating 
seedlings w ith mycelium agar discs placed on the stems at the soil line. A 
range of responses was detected am ong cultivars following inoculation 
with a virulent isolate of C. crotalariae. Relative rankings of cultivars were
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similar using either lesion length or disease severity to m easure disease 
developm ent on soybean. Cultivars w ith the greatest areas under the 
progress curves (AUDPC) for disease severity (i.e., Bedford, Deltapine 726, 
H artz 6200, and Hartz 7126) also had the greatest AUDPC's for lesion length. 
Similarly, three of the four cultivars w ith low est AUDPC for disease 
severity (i.e., Cajun, Braxton, and Asgrow 7986) also had the lowest AUDPC 
for lesion length. Disease progress curves increased over time on m ost 
cultivars bu t relative rankings among cultivars sometimes changed with 
time. Therefore, AUDPC enabled more effective comparisons of cultivar 
susceptibility. Differences in disease severity among cultivars were greatest 
using a highly virulent isolate of C. crotalariae, m oderate using an isolate 
w ith interm ediate virulence, and barely detectable using an isolate with 
low est virulence. In a field test, a range in disease susceptibility was 
observed for tested cultivars but none of these was completely resistant. 
Incidence of red crown rot increased with time on all cultivars. Soybean 
cultivars 'Braxton', 'C ajun', and 'Forrest' supported  the lowest disease 
incidence and AUDPC's among cultivars in the field. These were among 
the lowest in greenhouse tests as well. The greenhouse screening technique 
described  in this d isserta tion  p rov ided  consistent resu lts betw een 
greenhouse and field tests and successfully identified the least susceptible 
cultivars (i.e., Braxton, Cajun, and Forrest) that performed best under field 
conditions. The technique is rap id  and efficient, and it should  allow 
screening of a large number of soybean cultivars in a relatively short period 
of time.
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A series of greenhouse tests was conducted to evaluate red crown rot 
developm ent on soybean plants of different ages at time of inoculation. 
Lesion length and production of perithecia were determ ined on cultivars 
'Braxton', 'Deltapine 726', and 'Riverside 699' that were 10-40 days old and 4- 
10 days old at time of inoculation. Quadratic and linear relationships were 
described between plant age at inoculation and lesion length or perithecia 
production in both studies. Soybean seedlings exhibited low susceptibility to 
red crown rot regardless of cultivar susceptibility. On 8 - or 10-day old 
'Braxton' plants, lesion length and perithecia num bers were reduced. On 
the other hand, lesion lengths were longest on plants 30 days old at 
inoculation whereas perithecia production was greatest on plants 20-30 days 
old at time of inoculation. Disease severity was less on older soybean plants 
(40 days old) regardless of cultivar. That perithecia production was related 
positively to disease severity on soybean in the greenhouse suggests that 
production of perithecia in the field may be related to levels of root and 
stem  colonization of C. crotalariae. Differences in lesion length and 
perithecia production that were observed on young plants were similar to 
relative levels of susceptibility in soybean cultivars in greenhouse and field 
tests, suggesting that reaction to C. crotalariae in soybean cultivars may be 
determ ined early in plant development. These results may explain disease 
reduction following delayed planting in the field.
Mycelial growth, production of microsclerotia and perithecia, and 
double-stranded RNA (dsRNA) were examined in isolates of C. crotalariae 
from  several hosts to detect m orphological and genetic m arkers for 
com parison with levels of virulence in these isolates. Ranges for disease
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severity, production of microsclerotia and perithecia, and mycelial growth 
were observed in isolates. However, none of the C. crotalariae isolates tested 
contained detectable levels of dsRNA. Isolates that induced the most severe 
disease generally produced m ore microsclerotia and perithecia than did 
isolates w ith lower virulence, bu t relative rates of mycelial growth were 
inconsistent. Disease severity correlated positively w ith  production of 
microsclerotia and perithecia. Mycelial growth correlated negatively w ith 
production of perithecia. Virulence and production of microsclerotia and 
perithecia by isolates of C. crotalariae from soybean was greater than from 
peanut. These resu lts suggest that the ability of isolates to produce 
microsclerotia is an im portant component of virulence and production of 
perithecia is im portan t for preserving virulence genes through genetic 
recom bination. Perithecia p roduction  m ay serve as a useful m arker 
for characterizing virulence or host specialization in this hom othallic 
fungus.
This fungal pathogen produces various symptom s, including leaf 
chlorosis and necrosis, defoliation, and wilting as well as root decay and 
reddish-orange perithecia on stems. However, this pathogen could not be 
iso la ted  from  leaf tissues show ing  sym ptom s, w hich  suggested  
involvem ent of toxic, fungal metabolites in this host-parasite system. Thus, 
the involvem ent of toxin w as investigated using nine isolates and 1 1  
cultivars. In a root growth assay, potato dextrose broth showed phytotoxicity 
sim ilar to th a t observed w ith  culture filtrates from  v iru len t isolate. 
Therefore, a trifoliate assay w ith half-strength culture filtrates was adopted 
for these tests. D ilution end  poin t of culture filtrate of SG915 was
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determ ined to be 1:8. At least one of the toxic metabolites was unstable 
w hen autoclaved (121C, 15min), showing significant reduction in ability to 
cause wilting. When the culture filtrate of SG915 was applied to trifoliates 
from 11 cultivars, 'Cajun' showed the lowest sensitivity. This cultivar also 
was the least susceptible to red crown rot in greenhouse and field tests, 
which suggests the possible use of toxic metabolites to identify soybean 
cultivars that are least susceptible to red crown rot. However, a lack of 
correlation betw een susceptibility and  reaction of cultivars to culture 
filtrates indicates that these toxic metabolites are 'secondary determ inants' 
of virulence. W hen culture filtrates from isolates with levels of virulence 
were tested on susceptible cultivar 'Riverside 699', a wide range of wilting 
severity was detected. These results may explain symptom expression under 
field conditions and the role of toxins in epidemiological aspects of disease 
development. If variation either in less virulent bu t toxigenic isolates J2 
and C3 or in less toxigenic bu t virulent isolate 2PN occurs, it may lead 
epidemics of the disease in the field. For example, a field in St. Gabriel, 
Louisiana, showed epidemics of red crown rot on soybean over several 
years w here v iru len t isolates such as isolate SG915 frequently were 
obtained. Therefore, these results suggest that toxic m etabolites of C. 
crotalariae are involved in red crown rot of soybean.
AREAS FOR FURTHER RESEARCH
Several unexplored areas in this C. crotalariae-soybean system were 
stated in the introduction/literature review chapter of this dissertation, and 
efforts have been m ade to answ er these questions. H ow ever, these
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investigations have raised additional questions that should be addressed in 
further research with this pathosystem. These are:
1) Studies on changes of virulence in fungal populations in the field 
after introduction of resistant cultivars; 2) screening of large num bers of 
soybean cultivars using the greenhouse inoculation technique to find 
cultivars resistant to red crown rot; 3) determination of the time of fungal 
infection under field conditions and the changes in  populations of fungal 
propagules in soil throughout the year. This should elucidate whether 
genetic or other factors such as availability of infection courts, plant age on 
soybean involve in reduced disease following delayed planting in the field; 
4) understand ing  the role of perithecia in the disease cycle and the 
relationships betw een perithecia production, pathogenic variation, and 
sectoring in this fungus; 5) host range tests of the toxic metabolites produced 
by  C. crotalariae to determ ine w hether these metabolites are specific for 
soybean. Purification and characterization of the metabolites is also needed 
for mode of action studies.
Above are some suggested areas for future research. Hopefully, these 
will be investigated, thereby creating new strategies for controlling red 
crown rot of soybean.
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